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ON TI GHOLOGY AND FOSSILS OF THE NEIGILBOUR.- 
. HOOD OF NAGPUR, CENTRAL INDIA. 


By tre Rev. Mussrs. 8. Tistor anp R. Worn. 


PART I. 
Grotocy or Tz Disrricr, 
CONTENTS, 
Physical Geography of the District. Fossils, and age of the enclosed 
Iistory of Geological Observations in the freshwater deposit. 
District. Extent of the freshwater deposit. 
General Geology of the District. Minerals of the Trap. 
Extent of the trap-rocks. Age of the Trap, and the mode of 
granitic and schistoso rocks, _ its eruption, 
sandstone and shales. VII. Sandstone formation, and its four 
laterite &e. divisions, with their fossils, 
Description of the strata. Thickness of the strata, 
I. Superficial formations. Character of the formation, and 
1, Black soil or Regur. its age. 
2. Red soil. VIII. Plutonic and metamorphic 
TI. Brown clay. rocks. 
IQ. Laterite. . Metals of these rocks. 
IV,, V.,VI. Upper and Lower Trap, and Age of the crystalline rocks, 


the enclosed sedimentary formation. | Conclusion. 





_ Physical Geography of the District—Tho country to which tho fol- 

lowing paper refors is tho wostorn part of the rocontly acquirod 
kingdom of Nagpur,* lying, with the southorn cornor of tho Sigar and 
Narbadd4 territories, between 78° 15’ and 80° 35’ cast long., and 19° 
85° and 22° 40’ north lat. It is of a triangular shapo, each sido 
oxtonding about 180 milos, Its northorn sido is formed by tho table. 
land stretching from tho Mah&dowa hills on the north-west to tho 
northorn oxtromity of tho LAnji hills on tho north-oasi: tho south- 
castcrn side is constituted partly by the chaist last montioned, and 
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* With regard to the spelling and pronunciation of Tindu names of places, tho authors 
have farnished tho following remarks in ono of their late lettors to the Assistant 
Sooretary :— 

“Orthography in India is a vory unsettled branch of learning. Thoso who first 
sterootypod in English characters tho Iindu names of places were most uneuited for tho 
work, and honco most unsciontific is tho systom of spolling praotisod by tho gonorality of 
our countrymon, We follow tho Jonosian systom, as it is adopted jy such gociotios aa tho 
Royal Asiatic. By that evory Windu lotlor hag an Euglish roprosentative, though that re- 
prosentativo hag moro a Conlinontal than an English sound allached io iL, 'Tho yowola are 
Objrrt, tu, G~re—ct,—0, ou. Thoy aro in paiva, short and lung: « unuecontod having tho 
sound af win but, & accentod Lho sound of a in have; w the sound of itwolf in full, ils long 
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partly by a line drawn from its southern base to the junction of the 
Wein Gangé and Wardh4, which latter rivor marks out noarly the whole 
of tha south-wostern sido. (Soo Map.) The limits, as thus defined, on- 
close an aroa corresponding with that surveyod by Licutenants Norris 
and Woston in 1826, and amounting by their calculation to 24,000 
squaro milos, 

The &ty of Nagpur is situated very near the contre of this area. In 
the northern division, whero tho hills are both most numerous and most 
clovated, ihe direction of tho ranges is east and west. In the southern, 
which contains a greater extent of level country, the course they take 
is genorally north and south. 

Chourégad, the highest summit of the Mahédewa hills and tho lofli- 
est point in our district, risos to an altitude of 4,200 feot above tho sea; 
the usual height of the range, which, ontering the Nagpur torvilory 
from Gawilgad, passos by Dowagad towards Shiwani, isnot above 2,000 
fool, though in tho oast of tho same chain, whero it goes under the 
name of the Lanji hills, some of tho peaks attain an olovation of 2,300 
and 2,400 fect. At Nagpur tho country has fallon to a level of 1,000 
foet. On tho wost, however, it immodiately riyos by 200 or 800 foolin 
a succession of eminonces, which run parallel to tho Downagad ranga, 
until they roach tho basin of the Wardha, when they suddonly sink in 
precipitous dosconts, a8 at Talogaum Ghat. Towards tho east of the 
capital tho plain oxtonds almost without interruption to tho banka of 
the Woin Ganga, whore tho general levol is about 900 feet abovo tho 
sea, Still furthor cast, on crogsing tho river, we find the couniry pro- 
serving ils former flainoss, excopt that occasionally it is diversified by 
ranges of hills running north and south, of which that encircling the lake 
of Nawagaum is the most considorable. Inthe sonthem division of the 
territory thore aro fow hills, if any, that rise above 2,000 foot; while the 
champaign tracts, which abound on both sides of the Woin Ganga and 
Wardhf, fall, ere these rivers have effected the junction of their united, 
streams with the Godavari, to 800 hundred feat above the sea level, 

Té will thus be seen that our district presents a watershed from 
north to south, The most important rivers which flow through it are 
being just the same sound moro dwelé on; ¢ tho sound of Bnglish 4 made long or short 
as it has accent or no accent, Thore is only ono consonant that may occasion difficulty, 
that is ad written in fhalios. When go written or printpd it is intonded to havo a sound 
somewhat lke, Thus we write Wolégad, whereas it is commonly writton Wyraghur. 


The gh for gis just o grods mistako, which destroys the etymology of the languago to a 


person who doos not know the original Hindu name. Silewadé, ax wrillon by us; is 
naually ropresonied Sillewara.” 
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the Kanhin from the Mah4dewa Hills, which at Kaémpli roceives the 
Pech from the same upland tract, and tho Kolér,—the Wardha, which 

joined by the Wann from the hills west of Nagpur, and by the Pain 
Gang& from the Nizam’s country,—and the Woin Ganga, tho largest 
of all, which on its left bank is increased by the united streama of the 
Wagh, the Son, aud the Dewa, and by the Chulband, and on the right 
by the Kanhén and Wardha, after its confluence with the litter of 
which it takes the name of the Pranhita, and ero long discharges its 
waters into the Godavari. 


History of the Geological Observations of the District.—The geological 
structure of the territory, whose extent and natural foatures have beon 
thus briefly described, has for some time engaged ithe attention of 
scientific men in India, Dr. Voysey and Captain (now Colonel) Jonkins 
were thd first who examined it. From tho result of their investi. 
gations, as published in tho Bengal Asiatic Society’s Transactions, Part 
I. for 1829, it would seem that they were unsuccessful in their 
search for fossils,, The lamented Voysey, indoed, who was the first in 
India to find shells in a stratum enclosed in irap, thought he had dis- 
covered, on the journey hence to Caloutta, which torminated his distin~ 
guished career, bivalves in a bed of limestone noar Réyopur, within 
the Nagpur State, though on the east of our district ;* but 1 have since 
ascertained} that the appoarances which ho regarded as organic are 
the consequence of the poculiar-concrotionary structure of the rock, 
The next observer within our field of investigation was Dr. Malcolmson, 
who in 1883, worthily following up Voysey’s discoverios within the 
Nizam’s dominions in 1819 and 1823, pointed out now loealitios for the 
formation in the same part of the country, and tracod it into this 
kingdém to Chikni and Hinganghét. Attho former of theso placos 
which is sixty miles south of the city of Nagpur, he mot with Unio 
Deccamensis, Physa Prinsevii, Paludina Deccamensis, and Melania quadri- 
lineata : at the latier, which is sixteen amiles noarer the capital, he found 
an abundance of silicified woed. But, though he lived in this neigh. 
bourhood for some years, he does not appear to have beon aware of tho 
existence of similar organic remains here; and while, with Voysey and 





* Beng. As. Soo. Journ., vol, xiii., p, 856. 

+ The@rst person aingular hora 1efors to My. Iislop, by whom the memoir is for the 
most part written, with tho exception of the desoription of tho plants and ingoota of the 
toriigry deposits, which is fiom the pon of his fellow-labourer Mr. Hunter, Tora previous 
notice of the * Geology of the Négpur State,” by the Rev. 8. Hislop, soo Jounin. Bombay 
Asiat. Soo. No. 18, Fuly 1883, p. 68 &e.-—H. J. Carter. 
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Jonkins, he oularged on the mineralogy of Sitébaldi Full, like them the 
failed 10 advort 10 the two rocks which aro its most interesting featuros 
—his own tray!-imbodded stratum with Physas and Molanias towards 
tho top, and an unfossilifurous mombor of tho sandstono formation 
resting on gnoiss at the bottom. In 1842 Licutonant Munro, of Hl. M.’s 
39th Rogt., brought to light in tho sandstono quarrios noar Kémpti, 
ninc mics NE. of Nagpur, tho improssions of forns, which wero for. 
wardod to Malcohngon as having previously discovered the first vego- 
tablo remains in the sandstone of tho Ilydorabad country, by whom 
they wero figurod and doscribed as rosombling Qlossopteris Dancotdes of 
Royle.* As this spocios of forn is now understood to bo a Teeniopéeris, 
it sooms likely tha® the comparison of the Kémpti specimens with it, 
was incorrect, and that they belonged to a Glossopteris whose specios, 
owing to the fragmontary stato of tho fronds, cannot bo dotormined? 


Tn 1815 I procured a fow fossils of the same kind from the Kampti 
sandstone, and two yoars subsquently my cstoomed calleague tho Rev. 
R. Hunter and mysolf fell in with thom m tho contomporancous strata of 
Chanda, oighty miles south of Nagpur, Nono of thoso specimens, how- 
aver, wore preservod, nor was anything furthor dono by us or by olhors 
to undorstand tho palwontology of this part of India, until Juno 1851, 
when, walking with my follow-labouror in the noighbourhood of our 
rosidenco, two or throo Physas, in a doposit onclosod in trap hill about 
a milo woat of Sitabaldi, and two thilos in tho samo direction from 
Nagpur, forced thomsolvos on my notico. Thoy woro at once roforrod 
to tho fossils which Voysey and Malcolmson had discovered in a similar 
situation, and the doposit in which thoy occur was idontifiod with the 
froshwater formation that they had iracod in sevoral parts of tho 
Nizam’s torritory, and at Chikni and Tlinganghft, in this State. Ina 
fow days after, at tho samo spot, I found tho first bono, and Mr. 
Hunter tho first tooth; and, after a wook or two, on Takli Plain, about 
24 milos NW. of Nagpur, I met#vith tho first fruit and BEntomostracan. 
About the samo timo, from obsorving tho tracos of anciont vegotation 
on the soft clayey sandstono, used, in the absonco of chalk, for whitening 
the writing boards in our Mission schools, I was lod to make inquirics 
about the locality from which it was brought, which ondod in the dis- 
covory of Glossopteris andy Phyllotheea and somo soeds or sood-vossols 
at Bhokira, six milos north of Nagpur, ro long wo wore joined by our 
friend Captain Wapsharo, Judgo Advocate of tho Nagpur Suey 








* Bomb, By. R, As, Journ, vol. i, p. 240 
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Force, who addod many valuable vogelable remains to our collection 5 
and it is to his able and gonorous olforts that wo owe, among othor 
vare acquisitions, the first palm and iho first mulboery-like fruits, 
From tho red shalo of Korhédi, sovon milos north of Nagpur, J paeured 
tracks of Annclids, and more rocently, in combination with thom, the 
footmarks of some reptile: and towards tho ond of the year, in com 
pany with Lioutonant Sankey of tho Madras Enginéers, J visitotl Silo- 
wid, twolve miles north of Nfgpur, whero tho sandstono yiolded a 
ropusion of rich and most boautiful spocimons of Glossopleris, andl 
whence have sinco beon obtained a variety of exogenous stoms, sovoral 
species of Phyllotheca, and an interosting spocimen, contributed ty Mr. 
Huntor, of an alliod gonus, which by Lindloy and Sutton is rockonod 
an Hywisetwm, and by Bunbury probably an Asterophyllites* A Mission 
tour, undoriakon about tho same timo, conductod my collonguo and 
mysolf past tho freshwator formation at Péhadsingha, forty miles 
WN W. of Nagpur, in which was dotectod an abundance of’ fish-scalos 
disporsed through the stone. On our roturn, Mr, Iluntor, among tho 
sceds and fruits of 'Takli, discovorod tho first spocimon and tho greator 
part of our fossil Coleoptera; whilo wo recoivod an accession to our 
collection of shells from Dr. J. Millor, thon of tho 10th Rogt, M.N.L, 
who, whilo on an oxcursion with Dr. Fitagorald, had found tho [vosh- 
wator formation at Butaird, noar Machhagodi, cighty milos north of 
Nagpur, and also from Mr. Sankoy, who had fallon in with it ab Pilké- 
pahad, twonty-five milos to tho north-wost. The lattor-namod officor, 
after discovering in the Kampti quarrios the first Vertebraria, a fino 
spocies of Phyllotheca, along endogonous loaf, and an abundant kind 
of sced, all of which ho liborally handed ovor to us, prococdod, along 
with Dr. Jordon, tho Indian ornithologist, in tho direction of Butdr4 
and tho Mahddowa hills, * whonco thoy rotwnod with sovoral now 
fossils bolonging to our Hastorn coal-formation, and oxcollont spoci- 
mons ofthe sholls proviously colloctod by Dr. Millor, agrooing in 
goncral with thoso of this noighbourhood, In a portion of tho Butért 
rock which thoy kindly gave mo, I was struck with tho appoarance of a 
diminutive croaturo, which ptoved to bo a socond genus of tho Mnlo-' 
mostraca, ro tho first anniversary of tho discovory of our carliost 
Physa had como round, sovoral other localitios had boon ascortainod 
for both tho froshwator and sandsiono fossf’s, and obsorvations had 


boen made on tho romains of quadrupeds and shells imboddod in com. 


1 omrereanrmtalnemrreriNnhaainnivresenynsiewaan annette rat pth eesenthvtingnosenneneneniereewnsingninanneruemt sti 
# Qual. Jomnu, Geol. Soa, vol, vii, p. 189, 


+ Thidl., vol. x, p. 68, 
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paratively recont deposits, Since that, on our annual Mission tours, 
we havo become acquainted wilh a productive sito for sandstono or. 
ganisms at Mangali, sixty milos south of Nagpur, which has affordod a 
few unusual vogotable remains, a species of Ustheria, scales and jaws of 
fish, and tho entire hoad of a saurian ; we hayo passed through: dis. 
tricts abounding in laterite and iron oro, and have increased our know- 
ledge of the geological structure of the country genorally. 


General Geolagy of the District—From the rapid survey which we 
have taken in the proceding historical introduction of the fossils that 
have beon brought to light within our area, it is obvious that its paleo- 
ontology, contrary to tho common idea of Indian formations, is both 
varied and important ; but even in a lithological point of view there are 
fow tracts of equal extent that aro worthy of more aitontion ; and of alk 
the portions of that interesting area there is none for intorost that can 
be compared with the vicinity of Négpur,~its contre ab onco political, 
historical, and goological, We have only to tako a few stops from our 
hoyge and we reach tho summit of Sitébaldi Till, ‘tho scene of as 
heroic a conflict as ever our countrymen gained in the Wast. Tho spot 
on which we stand consists of nodular trap.* At the distanco of a 
fow yards from our feot, just under the brow of tho hill, isa narrow 
stripo of gveen or yellow calcarcous indurated clay, which on closo in- 
spoction is found to contain a numbor of docaying casis of froshwator 
shells. Under this wo porccivo a bluish-groon friable rock, which 
hardens first into a tough amygdaloid, and thon, a little abovo the lovel 
of the plain, down to which ib is scarpod by tho quarrymon, into a com~- 
pact groonstone. Cropping out from under tho foot of tho hill may be 
seen a bed of soft variogatod sandstono, and then, according as we look 
east or west, the prevalling rock covoring the plain beyond is oithor 
gneiss or trap, 

But let us extend the prospect to the horizon, As wo stand with our 
faces 10 the north, the first glance that we cast on tho distant hills shows 
that there is a marked difforence among thom. Behind us, on our loft, 
and in front, we follow a long sweep of flattened summits, with here 
and there a valley to broak the uniformity; but no sooner do we look 
towards the right than we descry a serios of round-toppod hills rising 


ee eee 

* Plate VI, fig. 2—Section through Sitdbaldt Inll.—d, Ovorlying nodular trap ; 0, Frosh- 
wator tortiary ;¢, Undorlying trap, vesicular for some fool, tudor tha froshwalor doposit, 
then compact, but nodular ab tho sidos ; d, Wighest membor of the aanctatone sories, which. 
most probably underlios tho amygdaloid throughout ; o, Gneiss, into which much @f the 
fandatone has been ivansformed ; f, Pegmatilo, 


F ! 
“ 
DA \ 


Section through Sxtabald. Hi, p om. 





mr 





Exg «he 
East SOs West 
Saga 
= \ 
*, 
Ss — 


Reprinted by the Antiquarian and Seieutilic 
Society of the Central Pravinces 


7 


up at intervals in massive strongth. These flationod summits aro the 
tops of trap hills, which strotch, in tho form we sco, from our prosent 
iposition to the coast of the Arabian Sea ; and these massive’ cmincucos 
are granitic hills which rise up in tho manner that moots our ayo, ab 
various distances from each othor, from tho placo where wo stand to 
tho Bay of Bengal. The intermodiato hills and plains, which in front 
fill up the foreground, are formed of tho dolomite and shale of Korlitdi, 
and ihe sandstono of tho basins of the Kanhdn and Kolar. 

From our clovated station we are thus onable to command a pros- 
pect of twenty miles in every diroction, and tho formations that wo can 
trace within that range make up an cxact miniature of tho goology of 
our wholo area. Nay, were wo to go down tho hill and’ walk around iis 

base, in the descont and cirenit, which might all bo accomplishod in 
twouty minutes, we should meet with almost every rock that is to be 
found botwoen Bombay and Katték. 

The geology of our arca must at ono timo have been oxtromely sim- 
ple. Its principal feature was then sandstono, associatod with shalo 
and limostone. But now other two formations are discovered on tho 
arena, and these scem. on tho surfaco as if thoy had been two hugo ico- 
bergs which, approached each othor in frightful collision, crushing tho 
sandstone between thom, and allowing tho fragmonts to slido out al 
cithor ond, and scattoring thom here over their own bulk. Or, to 
spoak in language more preciso, tho sandstono formation, which 
once occupied the whole space that wo havo choson for dosoription, is 
now coverod up by trap on the wost, and broken up by granite on tho 
east, honing only a small diagonal stripe running through tho contro, 
which, Sfter bei terrupted at tho north-west and south-oasl, in- 
creasos in thea Moctions to a broad expanse, whilo a few dotachod 
portions formerly continuous with it appoar in the body of the trap 
and granite. It is the juxtaposition of trap, sandstono, and granite 
in this neighbourhood which invests the geology of Nagpur with spe- 
cial importanco, and which, when investigated by competent obsorvors, 
‘may shed a flood of light some futuro day upon Indian goology in 
general, 

Trap Rocks of the District-—The greator part of the trap within our 
area lies in the west in tho shape of a parallelogram, ono of whoso cor 
ners has been ohcroached on by a projecting portion of Borar and the 
Betul district of tho Sagar and Narbadda torritorios, Its greatost longth 

ia 120 emiles A ils breadth is from 50 to 60. Ils south-wostorn 
side, on, ‘whiel the irregularity of figure is found, and by which it joins 
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on to tho groat sheot of basalt in the Dakhan, is formed by the Wardha, 
Tis south-castern side, commoncing from Suit, on that rivor, crosses tho} 
road from Nigpur to Chandé, on the south of Chikni, and, passing by’ 
the north of tho Méngali fossiliforous quarry, oxtouds to Sakra and 
Bhiwékund, aftor which il coincides very noarly with tho political 
division betwoon tho Stibés (provinces) of Nagpur and Chandé, whieh 
sirotchos by Lingh, Jémgaum, and A'lasur hilly to the north-wost of 
Bhisi. Tore bogins its north-cast side, which skirts tho small patchos of 
sandstone on tho west of Umred and Kuhi, and running close by the city 
of Nagpur meots with an oruption of granito, and thon touchos tho sand. 
stone basin of the Kanhan and Kolar, aftor which it again cncountors 
plutonic rocks on its passage up tho right bank of thoKanh4n to Dowa- 
gad, At this anciont Gond fortross tho upland tract of Mulidi, which 
constitutes the north-west sido, joins that last doscribod, and complotos 
tho parallclogram. 

Jn addition to this, the main body of trap within our arca, and con- 
nected with it, thore is a smallor devclopmont of the samo formation in 
the north. Stretching south and cast from Dewagad, it fills uy the 
space betwoon tho Kanhin and tho Poch, and, swooping wostward 
round tho granite at Chindwédi, and castward by way of tho summib 
of Kurai Ghat to Shiwani and Chapird, it morges, along with the 
Mathur rango of hills, in tho basaltic district that oxtonds to tho Nar. 
adda at Jabbalpur. 

The abovo is, I boliovo, all tho overlying trap within our arca, wilh 
the excoption of ono or two isolated portions south-cast from Suit, near 
Wavroda. ag 

Granttic and Schistoso Rocks.—Tho plutonic anc tamorphidforma.- 
tion the oxtent of which 1 shall now briofly indicaM® libs chiofly in tho 
castorn portion of ourarca, Itis intorsectod by tho Woin Gangé for tho 
greator part of its courso. Tho tract on tho loft bank of tho river I havo 
had little opportunity of exploring; but, from tho cursory oxamination 
I havo givon it, I havo reason to boliove that there is a largo dovolop- 
ment of granito and its alliod rocks, including an oxtonsivo outburst ol 
porphyry, which coincidos nearly with thd upper portion of tho courso of 
tho Wagh river, ‘This oruption oxhibits crystals of quartz, and of whito 
(occasionally red) folspar imbeddod in a dark pastg of the samo ingro. 
dionts. On tho right bank of tho Woin Ganga, in tho districts noar ils 
junction with tho Wardha, tho oxtont of tho formation is nol so goat, 
Tt is observed principally in the channol of tho Wein Ganga, though it 
may also be traced around the bases of the sandstonu chaius of hills 
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which it has beon tho means of uphoavmg. fu both the districts under 


consideration the general strifo of the stata is N. and S., corre- 
sponding with tho direction of tho streams and mountain ranges, and 
tin that last mentionod the dip is for tho most part to tho west. Dub ih 
js on the north that the greatost developmont of granile and erystallina 
schists occurs. There we may porcoive thoso rocks rising Lo the surface 
(though it would be hazardous to conclude that thore are not othors of 
a different character in the hollows covored up by tho deop suil) fom 
Nagpur norlheastward to the Lianji lulls,—a disianeo equal to tho 
length of our trappean parallelogram, and with a breadth in proportion, 
This sccond parallelogram is applied perpendicularly, but unorually, to 
that previously describod. Near tho line of contact, ie., in tho district 
near Négpur, the gnoiss aud other metamorphic rocks, like tho hills and 
tributaries of tho Wein Ganga which run through it, havo uniformly an 
east and west direction, wilh voins of the massive rock ponobraling 
them at right anglos to tho strike, 

This is the case with the erystallino formation north of the Kampli 
quarries, which has communicatod to the sandstone strata there and ab 
Silewdda a gguthorly dip. As tho granitic ernplion, however, is traced 
up the asic the Kanhin, it is soon to bond romuda little, and to give 
B westorly inclination to tho sandstono ab Babulkh oda, Toudalchoiri, and 
Adassa. From the lastmontioned place it procoeds northwards past 
Sdner and Kelod, in a narrow stripe on both sides of the Kanh&n wp to 
Dewagad, Beyond this we find il rising up around Chindwédh, and 
running wesl to Betul. But returning lo tho neighbourhood of Nagpur 
we discover, parallel to the great body of tho granitie formation ou the 
north of Kaémpti, agange of quartz hills runing in tho line of tho strata 
westward from Wothoanna to Gumtard, Tho plutonic force, which has 
tilted up these, has groatly disturbed tho limestone rocks ab Korhidi, and 
given to the sandstone a Bhokird, on tho south of the Kolar, the samo 
dip as we obsorve at Silewddi and Kampti on tho north of that river, 

Sandstone.—But lot us now refer to tho sandstone formation, whivh 
Ihave said exists in the central parls of our aroa, thongh ouly tho 
wreck of what it once was, upper member, reduced in thieknoss 
by metamorphic agency, may be observed horizontally enlorig the 
trap hill of Sitabaldi on the onst sido, and again cmerging on the wost, 
It is then wholly displaced by gueiss and granite towards ihe Nég 
river, after which it again becomes the surface rock for a short distance 
to the west, until it is a second time overlaid by trap. Th remains thus 
concealed for sixteen miles, when 14 is scon on,thd north-west of Yahtr 
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at Nimji, whence i extends to Satnawari on the south-west and 
Kolwilbadi on the north-west. At those villages it is a third time 
covered up by ‘irap, nor docs it in that direction rise again to tho sur- 
face within our aroa,-or indecd, I believe, anywhore boyond it, Tho 
division of this formation, which procoods to the north of Nfgpur, 
occupies a part of the basins of tho Kanhanu and Kolar from Kampti 
on the south-east to Kclod on the north-wost, being about thirty 
miles long and twelve broad. Its north-caslern border touches the 
great granitic tract which strotches from Nagpur ito tho Lénji hills, 
while its south-western boundary is constilmied by the trap, surrounded 
by which three of its detached portions aro found at Kutkheiri, Chor- 
kheiri, and Chicholi, near the sourco of the Kolar. Were we to follow 
tho direction of these outliors, they would Jead us to the sandstone hills 
boyond our area that skirt the sonthorn side of the trap chain of Ga- 
wilgad, north of Hlichpur. But if we suppose the sandstono continued 
north-wosl in the lino of tho Kanhan’s course, we arrive, after crossing 
some miles of trap and granite, ab tho beds of carbonaccous and clayey 
shalos, which, running under the trap range of Mathur, appear on the 
north sido, and form the base of tho lofty development of sandstone af 
the Mahadewas. Tho largost body of thiy formation, hofrover, lies 4o 
tho 8. in tho basin of tho Wardh4 and Pranhité, extending, fromthe 
termination of (ho basallic offusion at J fn gaum Till and Suit south-east 
towards Badrachellam in the Godavari, with only a fow outliors of trap, 
as boforo mentioned, near Waroda, somo slight intansions of plutonic 
rocks at Sogaum and the wost of Chindd, and a prolongation of the 
granitic serios of the Wein Gang’ basin, which rms south hy Diba as 
far as Dowalmari, and rodppears from under sandstone at the mouth of 
tho Indrawati in connoction with an extonsivo Bhicrop of schistose 
strate terminating at Tekalagudam. 


A very marked featuro in tho geology of the country between the Iri 
and the Wein Ganga is tho occurrence of ranges of sandstone hills 
running for tho most part north and south, corresponding in general 
direction with ranges of the same formation in the district of Kola, 
described by Dr. Bell,* These hills, where they have fallon under my 
observation, rise from plains of plutonic rocks, by which tho strata have _ 
been indurated and elevated, though still retaining the horizontal posi- 
tion. Such is the flat-topped chain which stretches on tho cast of 
Seganm, and that which terminates in tho castle-like bluff of Porsigad. 
Seana gE ere ea me Cn nen near 


* Quar. Jowmn. Geul. Sov, vol. vili., p. 280, 
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On either side of tho Wein Ganga wo meet with some isolated ronments 
of the sandstone formation. One of these, but vory Inuited in ils di- 
mensions, lies on the banks of tho Seléri, a small siroam*which joins the 
Wein Ganga near tho town of Pawani. Anothor, Mgethor down tho river, 
extends for some distanco, first on theright bank and thon on the lofi. 
In the district on the east of the Wein Ganga o little sandstoue proper 
is met with, in patches among the hills on tho west bank of th Garwi 
and Wagh rivers, reaching from Mehfigaum as far north as Ambgann, 


Taterite 8e.—In various paris of our aroa we moot with beds of 
laterite, covering tho rocks already described. 1 havo not found it on 
the west of Négpur ; but it is seen abundantly within the trap district 
al Sagar, N. of Dudhganm, and at Pandavatalaw, SW. of Ununed. At 
Karanla, BE; of the same town, it overlics plutonic rocks, and from 
Pawani, on the Wein Gang4, it stretches in a broad belt, samotiines ovr 
sandstone and at othor times over gneiss and granite, towards Weiriyatl, 
South and west of this throughout all the provineo of Chanda it oeems 
more or less. 1 have already mentionod iho fart of ila resting on 
dolomite at Ambdjiri. At Mahonda, on tho Kanhan, straight cast from 
Nagpur,—at Dharmapuri and Korbi, in tho basin of the Stir River, 
which flows from Rémtek into the Woin Gangi,—and again in the 
neighbourhood of Chandpur, further wp the Woin Cangf, tho saine 
formation is presented to view. But it is on the east hanl of the river 
that its most extensive development is wilmessal. Crossing the Rayo. 
pur road at several places, it unites on tho north of ib to form oxlensive 
tracts in tho district of Lanji, and all around Watii and Kuinta, 


The suporficial deposits:that aro superior to latorite are either red or 
bluck. The former is found in gonoral whoro plutonic rocks, sandstone, 
or laterite prevail, though instances are not rare of tho latter being met. 
with in such situations. The “ rogur,” or black soil, oceurs almost 
universally where trap abounds. 

Description of the Strata.—Having thus givon some account of the 
extent of the formations within onr area, as thoy appoaron the surlaco, 
I shall now endeavour to point out in a dosconding ordor their thick. 
ness, nature, contents, fossil or mincral as the case may be, and ago, 


Superficial Formations. 
1. Black Soil or Regur.—The vegur* is of no groat depth in this 


* Tn a Memoir on the “ Geology of the Négpur Stato” minnitted by mu te the Romy 
Br. R, Asiatic Soofely in Moxoh 1858, and published in thoir Jounal for d uly of thet yotisy f 
made some remarks on the origin of tho regnr. Dissenting bath from Voyray’ theory off 
ita arising from the decomposition of trap, and Newhols view af ita deposition it te wer 
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chsiricl, seldom if ever exceeding 20 feat. Tn some places, as at 'TMkli 
villago, it is soon to ovorlie a stratum of brown tenacious clay which, 
like itself, is mich mixod with “Kunker.? Ihave nob succeedod m 
finding any organic #emains in tho rogur, oxcept bones of oxen and 
shoop of vory doubtful antiquity. 


2. Red Soil--Tho rod soil in our area is of greator depth than the 
black, frequently displaying a section of 50 fect. Tike it, it soems to 
rest on a brawn calcareons clay, abl the bottom of which there is in gone- 
ral a layer of conglomerate. In river-basina it aliornates with layors of 
loose sand and gravel, ofton imbedding oxisiing fluviatile shells of tho 
genera Melania, Corbicula, and Unio. In the district west of Nagpur 
the rivors often oxposo a bod of sand and gravel comontod by a small 
quantiby of lima, ancl in its conyolidatod state furnishing blocks of sand- 
stone or conglomorate two or threo foot thick. This stratum for the 
most part is unfossiliferous, but ucar tho Koltr, about ton miles north 
of Négpux, thoro occurs in it an abundanco of Paludina, Melania, and 
Corbicula, which, though belonging to oxisting spocics, from the natura 
of the matrix have been much altered sinco the period of their deposi- 
tion. Of some the cavities are simply filled with siliceons and caleareons 
matter, but in tho groater numbor of instances tho shell has boen com: 
pletely absorbod, and omployed as a cement in aggregating tho particles 
ofthe rock, A.simiar doposit is soon at Nigalwhdi, noar Blichpne, to’ 
the west of our aroa; but thoro, in addition to tho fossils just men- 
tioned, it includes Linnceus, Planorbis, and Unio, On tho banks of 
the Sarpan rivor, near Tondikhoiri, fourteon milos NW. of Nagpur, 


I aggested, from the analogy of the ‘Tehermotzem, tho probability of ite boing o sybaémal 
formation that had takon place in marshy situations, whoro, of course, vogolation would be 
abundant. As this suggosiion has boon misundorstood, J may hove take odcagion to ex- 
plain it. I never supposed that there waa no clay on tho aurfaco while tho regur waa 
boing formed, Theto ia clay m the Rusaan soil, with which ib was comparad. What I 
intended to say was, that while thoro was a basis of both silica and alumina (the débi.s nob 
of trap exclusively, but of any rocks in tho noighbou hood capable of yielding ikem), tha 
badis oxistod in a locality charaotorisodby tho oxcoss of its moisture amd the ratiiness of ris 
vegotation, to whioh two circums{ancos, and not 10 tho nature of the olfgindl débrs, was 
dud the colour of thie colebrated soil, That these causes aro adaqtiate to the offoot will, T 
thnk, be admitted, Stagnant water, aa may bo soon in cosspools, always commumioatios a 
blackness to ite sodument; and tho poss ond othor plants that would foungh in tho 
circumstances which we have supposed would tond matorially to the samo result. To 
account for appearancos of stratification in the :ogur, it may Snillce to rémark that T Lake 
fér granted that raing, gndall the othor influoncos which rostrango and commungie tho soi) 
othe Dakhan at prosént wore at work in former hmes. Tho dopih of tho cotton goll is 
sdri@what overstated in tho toxt, Ton foot is its grentost thicknags oven in Born, whore 
we indy look for its most typleal foatuies. Thevo algo ib is underlain by brawn lenooious 
clay thad-<would rotain dhe moisinee on the surface 
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tharé ia an accumulation of the freshwater shells proviously enumerated, 
With a considerable intermixture of a species of Bithinia, and a few 
specimens of land shells—JZfeliz and Bulimus, M. inglod with, thoso 
remains of Mollusca there was a quantity of jaws* vertebra, and othor 
portions of Mammalia, which were not much potvified ; bul, I regrot to 
say, they were accidentally destroyed beforo they could bo oxamined.* 
To the bank of the Kanhin at Kémpti, about 45 foet undor thé gonoral 
surface, I found tho shoulder-bone of some mammifer, much increased in, 
weight from the process of potrifaction. Bones in the samo stato havo 
been discovered lying above ground between Nagpur and Kampti, 
which must have been washed out of the kunkeracoous red soil. 


Judging from tho relation of the regur and rod soil to tho brown 
clay, I am inchned to regard these two formations as contompora- 
neous; and, from the evidenco of the fossils contained in tho laitor, I 
would class both as Post Pliocene. 

Il. The Brown Olay,on which [havo said both tho red and black 
suporficial deposits rest, avorages, together with its undorlying conglo- 
merate, a dopth of 20 feet. The clay is not known to be fossiliforous, but 
in Takli Plain there were found, m the conglomerato, apparently tho 
tusks of a large mammal, which had beon complotely convertod into 
stone, but they wore so much affocted by tho weathor as to fall to piocos 
on boing removed. Tho formation containing thom JT supposo should 
be assignod to the Nower Pliocone, and will rank with similar de- 
posits at Jabbalpur and elsowhere. 

IMI. Laterite—This formation seldom excoeds 10 foot in depth any- 
where in our area. No fossils have yet been discovored in it here, but, 
diamond mines have boon opened in it east of Nagpur. Malcolmson,* 
aud after him Newbold, inferred tho idontity of tho sandstono of Contral 
with that of Southern India from the cxistence of diamonds ab Weird. 
gad, a town about eighty miles SH. of tho capital, Tho inferonce, 
howover, is drawn from erroncous premisos, which would have been 
corrocted had these authors personally visited the spot. At Woird- 
gad there is no sandstone near the diamond mines; the only rock in 
the vicinity is quartzose and metamorphic. Ib has beon too much 
es os 





* Boing fragmentary bonos, from tha banks of tho Smpan, imbodded in a sondyoarth, and 
agsooiied with numbers of Melanua, Paludwna, snd Unie, form part of the sovtes af argania 
remains foryarded by Mosars. Tislop and Iuntor. Tho bonos, having beon kindly oxamined 
by Préfeksdr Owen, prove to havo belonged to Ruminants of two sizes,— suoh ag a buffalo 
and a small aitLelope —In. Quax. Geol. Soe. Lond, 

# Bomb. Br, BR. Ag, Soo, Tony, vol. i, p. 260, 
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taken for granted, in my opinion, that the diamond conglomerate of 
Southem India is connected with the sandstone, within tracts of 
which it is sometimes found; and hence the arenaceous strata of the 
peninsula have actually come to be designatod by the name of diamond 
sandstone. Now although the diamond conglomerate las been found 
roposing on sandstono beds, yot thero is no inslanco, that I am aware 
of, of the diamond having boen extractod from any one of them, nor 
are there any data to provo that the conglomerate derivod most of its 
materials from that source, On the contrary, ILeyne* has shown that 
the pebbles at Kondapetta and Ovalampallia, near Kaddapé, are cluef- 
ly of chert and jasper, basalt, quartor, hornblende, and felspar. The 
first two have ovidently been derived from the limosione of the neigh- 
bourhood, and the rest from igncous rocks, And these pobbles aro 
not contained in a pasto of sand, bul, according to ILeyne, of clay.+ 
Tt is true the diamond conglomerate may in one placo overlio sand- 
stone; but in another place, as ab Kondapetia, it may rest upon hmo- 
stone, while in a third, as at Bejwadé, near Masulipatam, according to 
the statement of Captain Newbold, 1b may be found immodiatoly above 
gneiss { In short, am inclined to concur in tho verdict long ago 
pronounced by that experienced Indian obsorver Dr, ILeyne, whon he 
remarked, “All tho diamond minos which I havo scon can be consi- 
dorod as nothing else than alluvial soil”? (superficial deposit), But if the 
matrix of the diamond be a surface doposit ovorlying several rocks, I 
can perceive no propricty in attaching its name to ono 6f theso more 
than another. Tho matrix at Woirigad is a lateritic grit, and il is 
worthy of notice that wherever the precious gem is sought for, whether 
in India or Brazil, there for the most part oxide of iron is dufused, 

Having myself mot with no fossil in this formation, I havo nothing to 
offer by way of detcrmining its precise ago, but would content myself 
with remarking that it must be posterior to the overlying trap, on which 
it is found occasionally, though in our district very rarely, to rest. 

IV., V.. & VI. Trap and ils enclosed Sedimentary Pormation.—The 
next rock to laterite in the order of downward succession is the over- 
lying trap, with which, however, for the sake of perspicuity, it will be 
necessary to combine the freshwater formation, previously alluded to, 
and the underlying trap. a 

Trap, it was before stated, is the prevailing formation in the west of 
our, area ; but when that assertion was made it was understood that this 


* Traots on India, p. 97. + Thid, pp. 96 and 10b. 
t BR, As, Soe. Journ, vol. viii, p. 246. 
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voleanic rock is of two kinds,—one overlying aud the othor underly- 
ing ; and that between these two, and thorofore soldom oxposed to 
view, there is for the most ‘part found an aquoous deposit, All three 
generally occur together. The exceptions aro met with in the plains on 
the outskirts of tho trap formation, where wo not unfroquently observe 
the usually enclosed stratum resting immediately on sandstone, without 
the presence of either the upper or lower basall, In some of thoso in- 
stances it is probable that tho overlying rock has beon romoved, and 
cases occur of its remaining where no underlying trap has ever existod. 
On the othor hand, there are examples in similar bordor localitios of in 
single sheet of trap extending over sandstone without boing assoviatod 
with a second sodimentary formation or volcanic effusion. 


Though the three formations aro gonerally connectod with oach 
othor, yet it is chiofly the upper ono, viz., tho ovorlying trap, thal inools 
the eye over tho faco of the country. Loaving oul of considoration the 
very few examples of donudation which have uncovered tho freshwator 
deposit in the plains, and the equally raro instancos of oruption which 
have there upheaved it on its odge, ii is on tho oscarpments of tho 
table-lands that we may bo said to gain our whole knowledge of this 
department of N&gpur geology. In commoncing our ascent of those 
stoep hills our attention is attracted by a numbor of blooks noar the 
foot, which are casily dislinguishod from tho massos of basall among 
which they have fallen from all above, As wo mako our way up ovor 
the hard, dark, vosicular rock, the blocks incroase in numbor, until wa 
come to a friable greyish or bluish-green zone. Wo must now move 
slowly and look narrowly, for a fow yards of upward progross may conduet 
us from tho soft amygdaloid, where fragmonis aro thickly strowod, toa 
nodular basalt, where not o trace of them is to bo seen. Occasionally 
tho freshwater formation is so thin that a very little oarth or herbage 
may suffice to hide it from our sight. But gonerally tho water from tho 
brow of tho hill in the monsoon collects into littlo rills just at tho place 
“where it loaves the nodular trap, and having now gathored onough of 
strength to make an improssion on intorvening barriers, i proceads 10 

plough up tho soft deposit, and the still softer subjacent amygdaloid, 
l¢pijing an interval between cach streamlet, liko a talus resting on the 
ha Snyyosicular rock bolow (sce fig. 8).* Tho thicknoss of the over~ 
icin on Sit&baldi Hill and tho tabulated summits in its immediate 











: 

* Pl 1, SyrSactronaal View af onoof the Trap Wille nec Ndgpur—a, Sarfhoo aoil 3 
4, Nodulan’ tray (us to 20 feob thick); ¢, Iioshwaler doposit; d, Sofl amyguulold ; 
e, Tard amygdaloid, 
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vieinily is from (5 10 20 feet, which agroes vory exactly with the 
thickness assigned to it by Dr. Voysoy at dillan. On the Western 
(théis, howovor, according 10 Colonol Sykes, a siratuza of earthy jus 
por, which is just our freshwater doposit, was found noar Junar under 
a thickness of from 800 to 600 fect of basult.* Butit nob unfrequently 
happons that in Joaving the plain and chmbing up a trappean hill 
we may come ttpon. tho freshwator deposit at threo distinct elevations, 
Thoro is, Srst, the stratum which underlies the nodular irap gerterally 
throughout tho plain, and which may bo scon sometimes laid baro al 
the commencement of the ascent; thon, after pasying over hard and 
soft amygdaloid, | wo como to another bed, overlaid by nodular 
trap; on gaining tho top of this wo roach a terrace, which 
conducis us to another ascent, where we find, cro mounting to the 
summit, a repelition of amygdaloid, sodimontary rock, and globular 
basall. An example of this occurs at the hill of Gidad, forty miles &. 
from Nigpur, tho top of which has boon appropriated by the disciples 
of a Musalman saint named Shek Farid, io a mencdicant establishment, 
which is supported by the donations of Uimdus and Muhammadans alike, 
from all parts of the Négpur territory. See tho accompanying section 
of tho hill from east to wont (fig. 4); whore wis the deposit in the 
plain, whito; 0, the stratum of a rod colour uuder the torraco ; and e, 
a ropotition of it highor up, brownish groon. Whethor there was a 
fourth stratum abovo ¢, tho quantity of brushwood, and want of time, 
prevented mo from obsorving, That all those strata aro ono and 
tho same, though they diffor in huo, J have no doubts Whon we 
become acquaintod with the cbangoablones of this deposit within a 
space of a few yards, its difforont phasos on the oastern declivity 8f" 
Gidad Hill occasion no difficulty. Noar Kétol, forty milos NW. from 
Nagpur, a similar appoarance is prosontod. Thore a thick stratim of 
rod clay lies at the foot of the hill, and wo see ils tondency to slope 
upwards and loan against the ascent; but wo loave it bohind, and come 
upon the amygdaloid, which emorgos from under it. Tha amygdaloid 
is overlaid by a bed of rod olay, which is surmountod by nodular trap 
constituting a terraco. Above this, boforo we roach tho submmit, we 
moet with a succession of amygdeteid, rod clay, and nodular trap 








ot emt moma eeercre Se eH sennenee tented earl He 


* Trans, Gooh 800, 2nd Ser, vol iv, p. 4L0 [and p. 100 of Papers on tho Goology of 
Weston Incha odiled by Mx; Cartor). , 


a Pl. vi, fig. —Sevtion of Ghdad Thil—a, Wreshwater deposit, as seen in the plain, of 
awhits dolour;b, Froshwator déposit af ved colour under the terrace, c, Préshwates 
doposit higher up, browmeh gioon in colour, 
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again, Inascending the Gh&t to Gawilgad Fort, which, howevor, is 
beyond the limits of our map, the same thing may be observed. The 
slope is so stcop that tho road is carriod in a winding divoction up 
its face, and, although theré are no terraces, yet, if T romombor right, 
the traveller comes upon our deposit, which is there of a deop red clay 
as at K&tol, three or four times succossively. 

From the remarks now made it will be inferred that tho stratum in 
question is extremely varied. Not only is it of all colours and-all mix- 
tures of tints, but it is of all kinds of substance and all forms of siruc. 
ture. Atone place it is calcareous, at another siliceous, at a third 
clayey, and ata fourth a compound of all three. Mere it is soft, and 
there indurated ; froquently tho upper layer, which js next tho ovov- 
lying trap, is hardenod, whilo the lower part remains unchanged. 
Here it is crystalline, thero cherty, and elsewhere scoriaceous. In one 
spot it is full of fossils, in another neighbouring locality it is utterly 
devoid of all traces of ancient life. Tn one part ofa hill we seo it six 
feet thick, but as we follow its line along tho face of the escarpmont 
we may witnéss its reduction to little moro than an inch, J know not 
one constant feature that is characteristic of it, In jndging of its 
identity, a very usoful guide to follow is its position between the nod- 
ulargrap abovo and the vosicular trap below; but even this, as wo 
have seen, fails us on tho outskirts of the formation. Bxtonsive 
experience, that tnables us to combine several criterions that would 
singly bo insufficient, is here, as inso many othor casos, tho only sure 
help towards arriving at a cofrect decision. 

The greatest depth of the underlying trap, from its lower part boing 
generally concealed, it is impossiblo to ascortain, It is obvious that 
according to its greater or less development the plain rises into a gentle 
swoll or increases to the dimensions of a hill. Near Tékli, at tho spot 
where almost all the fruits have been discoverad, it is only a fow inches 
thick, and a fow yards from that locality it thins out altogother ; 
wheroas at Sitabaldi Hill, whero it is observed to rost on sandstone, 
it attains a thicknoss of 100 foob; and in hills whoro its auporposi- 
ion, on the sedimontary rock cannot be soon it must be a great doal 
thickor. 

‘shave been thus minute on the appearances oxhibited by tho over- 

Tying nd underlying trap, and the deposit onclosod by thom, in order 

that, ehiay havea cloar idoa of their rolation to cach other’ ‘The 

concliisigiis dio. be derived from my description 1 ned soarocly indicate, 

It anit ident that, beforo either of tho volcanic rocks was poured 
g 
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out in our area, there had been deposited on the sandstone a stratum 
which roust have beon at least six feet thick. Over this there was 
spread a molten mass of lava, which bardoned the surface of the stra- 
ium, and ilself cooled into a Hat shoot of globular basalt about 20 feet 
thick, After period of repose the intornal fires again become active 
and dischargo another offusion, which insinuates iiself between the 
sandstone and the superior deposit ; and, accumulating in some parts, 
more than in others, through foreo of tonsion, rupturos the superin- 
eumbent mass, tilting up the stratum and scatloring the overlying 
trap, or, raising both stratuin and trap above the level of the plain, 
either leaves it a flat-tLopped hill, or, with boiling surge, pushes up its 
summit gradually or by fitful efforl. In these convulsions the more 
recent trap, where it has nol tilted up the deposit altogether, has 
gonerally onvroached upon it, ontungling some of its fragments, con~ 
verling the greater portion of it into a crumbling vosicular rock, or 
producing miniaturo outliers of amygdaloid from muterials susceptible 
of the change. 

[Fossils As tho dotailod doscription of the fossils of tho tertiary 
formation and of the older sandstone sories will form the subject of 
Pari II. of this memoir, and bo publishod heroaftor, tho fossils of the 
freshwater doposil avo hore merely referred Lo in short. 


From tho colloctions mado by Mosurs. Hislop and Hunter and thelr 
friends from this doposit,* tho authors mention the following orgatio 
remains :— 

Small bones, probably roptilian, 

Remains of a froshwater tortoise, 

Fish-scalos, both Cycloid and Ganoid, in great numbors. 

* Trisects, found at Takl®: Mr. Hunter enumorates about ten species 
of Coleoptera. 

Hntomostracans ; five or six species of Cypris. 

Mollusca, land and freshwater, in great numbers. ‘The following 
genera are enumeratod :— 


ae 


Bulimus.+ Molania, Limméous, 
Succinea. Paludina, ‘Unio. 
Physa, Valvata, 








* An extohsive’ davies of organid rernaing and of Yodk apdelinens from the superficial 
Agposits, the terbitary beds, the. fossiliferous sandstqne and shales, and from the orystalling 
*9gks, has been proderilied, to the Bociaty hy the author of this memoir. Tho fossils, how- 
Aver ave nol yot heow fully worked out,—<iit, Quart, Journ. Geol. Soo. Lond, aes 
> sTedfleigi now inclined to doubt the odotrvendp of Bulunus ia our lertiary sirataefy dhe 
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Plant-remains: Mr. Hunter enumerates— 
Fruits and seods, about fifty specios. 
Leavos, exogenous, six forms, 
» endogenous, threo or four, 
Stems, exogenous, few species ; some specimons six feet in girth, 
3 endogenous. 
Roots, srx or seven kinds, 
Ohara, seed-vessels, 

Tn concluding hs notice of tho tortiary insocts and planta, Mr, Mun- 
ter observes — 

“ Before quitting this part of tho subjoct, it, may be observed that ib 
would not be difficult to concoive with some dogrmo of accuracy the 
nature of the locality in which the fruits grew. Goimg buck to thé 
tertiary epoch, we find Takli part of » lake oxtonsive enough to be 
bounded at least on the west and south, and probably on all sides, by 
the horizon. Wo assume rather than can demonstrate the existence of 
islands which break the uniformity of tho sca-liko expanse of waters. 
On the highor land of those are forests, mainly of exogenous troox, 
some approaching six feetin girth, Moro scaticrod, but yeb sulliciontly 
m rt erous,to attract notice, are palms, exhibiting ou thoir stems, when 
closely examined, protuberancos of acrial roots, similar to tlose so fre~ 
quently observed on the Wild Dato of India. In tho more shady valloys 
are leguminous and other planis, in groat varicty and profusion ; and 
there may be seen occasionally climbing by unmorous tondrils ovor the 
bushes, a cucurbitaceous plant allied to the Zaujfia, its tonder alalk 
weighed down by a pondorons and probably ton-anglod fruit. The 
Nipadites here and there fringes the marshy shoros ; and whorever the 
water is shallow there rise above it the racdy podunclos of Aroid 
plants, terminated at one season of tho year by spikos of flowors, and 
ai another either by long succulent purple fruit, resombling mulberries, 
or by large pericarps, that without minuto oxamination might be 
mistaken for cones. ] 

, Age of the Freshwater Deposit. —It has already boon shown by my 
esteemed colloague, in his concluding observation on the tortiary plants 
(s¢e above), that tho body of water in which tho strata containing the 
abovovenumerated fossils wore deyosited musth have boon a lake, T 
shalkahony jugquire at what period Lhal Jako existed, Tho detormination 
of this Qubstion is atlondod with poouliar difficulties. In a temperate 
climatis like Beitain, the discovery of a largo number of organisms fitted 
for a iraplogl,abaede atjonge demousivater that the yook in which they 


¢ 
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occur cannot have been doposited subsquently 10 a remote tortiary 
period. Here, however, where we have a tropical heat at the prosent 
day, the eviddnce derived from such a source is much more equivocal. 


Still I think there are sufficient dissimilaritios between our recent and 
fossil floras to prove tho gront antiquity of tho latter. While there is 
a general resemblance botiveon tho two, inasmuch as Hedysarece, 
Cassid, Luffa, and Nipa are comprohended in both, thore may be 
remarked, gy the other hand, the total oxtinction of two genera, if not 
an order, of endogonous plants, that once flourishod luxunantly here,— 
I refor to the Mulberry-hke and strobiliform frmis, which, though 
formerly so abundant, have at prosent no represontative oithor in India 
or, so fax ag I know, throughout the world. We must therefore ditech 
our thoughis to some period comparatively remote, when there was a 
gredier uniformity of tomperaturo over all parts of the earth. Of the 
more ancient tortiary floras none corresponds witli ours so well as that 
of the London Clay of Sheppey and Belgium. In both of these 
localities we find Nipadites, and in tho former also the Xylimosprionites 
and Thicarpellites of Bowerbank, fruits apparently alliod to those 
found at Nagpur. 

OF all the animal romains wo have collecied, scarcely one seems 10 
be identical with forms now existing on the surface of tho globo. The 
nearost approximation to spocific identity is in one of the Oyprides, and 
in the minute discoid Valvata ; but whothor the identity is complote 
T am not compotont to say, Supposing, howeyer, that it wore proved 
to be so, this fact would morely show thal of all tho living tribos in- 
habiting the waters or tho margin of our old-world lake, not one has 
survived in India except a singlo spocios of Oypris; for the Valvata 
mina is not now found here, nor indeed does any species of that genus 
appear to occur throughout Asia. But with theso most diminutive 
exceptions, if exceptions they are to bo called, tho statement holds good 
that between our anciont and our modern fauna tho agreeiient is not 
closer than generic. In the class of fishos the resemblance even to 
that extent is true only of one ordor,—the Cycloidaris y. while the other 
ordér, the Ganoidans, which have left their horny and bony scales so 
abundantly in our rocks, have entirely disappeared from our rivers and 
tanks. Of the class Mollusca, whilo tho generw.Planorbis and Ampul- 
laria, now so common in our pools, are altogether absent from this 
deposit, Valvate Physa,, so oxtensively, represonted in it, both in 
‘species and individuals, have digappeared from the plains of Contral 


r atid} outhern India, Ofthe six genera Melania, Paludina, Timms, 
aoe 
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Bulimus, Succinen, and Unio, whichare common to bothanciontand miod~ 
ern India, the differences between the recent and fossil spocios, specially 
in the Paludina and Iimnus, are very great. Of the formor wo have 
nothing at all so large as the P, Bengalensis of tho Hast, or ovon the 
P. vivipara of Britain. In the latter genus none of our specios appoar 
to have belonged to the inflated type, but thoy are gonerally more on 
the model of the DL. glaber than that of tho J. stagnalis of our native 


country. 


Combining, then, these facts, on tho onc hand wo havo tho total dissi- 
milarity between every species of our ancient and modern planis,—the 
disappearance from our flora of soveral genera, if nob of something 
Ingher—the difference in prevaling type betweon somo of our fossil 
and existing genora of molluscs, and the removal of others ontiroly from 
our continents to regious most remote,—and lastly, a still moro docided. 
iransference among the orders of our fishes,—data which all point 
to the negative conclusion that it is no nower tertiary that can bo 
compared with our freshwater deposit. On the other hand, wo find 
generically, specifically, and individually an equality, to say tho least, 
between our Ganoid and Cycloid fishes, and a resemblance betwoon 
duit fore’ and that of the London clay,—proofs which, in my opinion, 
lead us on to the positive inforence that among older tertiaries the 
eocene formation is that with which our freshwater doposit must bo 
classed. Bronn, I perceive, assigned it to tho era of the continontal 
molasse. Whether or aot the staternents above made will be sufficient 
to show that this view is incorreci, itis not for me to say ; ad all events 
the fossils which we have contributod will onable others to decide, 


Extent of the Freshwater Formation.—The oxtent of this tertiary 
freshwater formation throughout India is very great, In Captain Sher- 
will’s recently published Geological Map wo find it laid down on the 
west of Rajmahél, on the Ganges. Following tho same parallel of 
latitude, we come to Rie, near Narwér, about forty miles south of 
Gwéliur, whence specimens of Physa were obtained by Mr. Fraaor, 
formerly Agent to the Govornor Genoral in the Sagar and Narbaddé 
territories. At Sagar itself organic remains were first discovered b y 
Colonel Sleeman, afterwards described by Dr. Spry, and more recently 
investigated by Captain W. T. Nicholls of the 24th Regi, M, N, J. 
Hast Of Jabbalpur, in the same territories, occur tho sites Suloyfi, where 
Dr. Spilsbury procured Physa in 1888, Dhunra, in the aaine Viciniby, 
Néréyanpur, hear Soh4jpur, Mandla, and Phulshgary- on the nérth bank 
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of the Narbadd4, and as far up the river as Mohtura and Domédadayr, 
in the Réimgad Réjé’s country, at all of which logalities the same 
indofatigable and successful geologist found shells, including an abund- 
ance of Physa, several specimens of Unto, and, if I may judge from the 
figures, of Limneus and Valvata. None of them, however, are named,* 
North of the Narbadd&, near Mandu, univalve and bivalve shells 
abouncin the marls and earthy limestone, as we learn from Captain 
Dangerfield, who styles them ‘ Buccinum and a species of Mussel’’+ 
(Physa and Unio?) Leaving the Narbadda and coming to the Tapti, 
near its source, we find that Voysey, as has boen mentioned by 
Malcolmson, in his memoir on this deposit, discovered shells, which he 
named. “ Conus an& Voluta” (two forms of Physa?), at Jirpa and Jillan. 
which lie apparently on tho north of tho Gawilgad range.§ On the S. 
of the samo chain of hills, near Hlichpur, are Muktégiri and Bairém, 
whence Dr. Bradley procurod tho oxcellont specimens of Physa and 
Umio which I had the pleasure of sendmg to the Geological Society. 
Returnmg to Jirpa, we enter tho district of Betul, about 100 miles NW. 
of Nagpur, which was explored by Captain Ouseley, who found shells 
at Chichundra and Murkha, on the 9. of tho town, ab Bharkawéda, 

Bhei4whdh, and Jawara on the 8., and at Badori, Kolgaum, Gaikhan, 
and Balkur, on the SW. Passing over tho localities within the State of 
Nagpur, to which sufficient roferénco has beon mado in the previous 
part of this paper, we arrivo at the district north of Hyderabad, where, 
Tam informed by a friend, Physw have been oa Ha from one of the 
banks of the Godfvari at Naéndur, and whero also fossils were discov~ 
cred near Hatnftr and Mandr by Maleolmson, and at Medkondé, 

Shiwalingaps, and Deglur by Voysoy, who as early as 1819, when 
organic remains were almost unknown in India, met at these localities 
with sholls, including, as he thought, “Turbo, Cyclostoma, Buccinum, 

Helix, and Turritella,” some of which may be identifiod as Physa and 
Valuuta, Not far from Deglur, on the 8. side of the Mamjar4, Oasp.° 
tain Newbold obtained specimons of Physa at Munapilli,f and again 
from between Kulkonda and Digdi, on the banks of the Bhima, he was 
presented with specimens of Paludina Deccanensis by Captain 





A 
* Bengal As.i8eo, Journ , vol. vii, p. 708. 
+ Physe and sdialler univalves are common at Jan Ghit midway between Mhow and 
Maundlesar. a 
é t Maloolm’s Contifal India, vol, it, p. B29. * 
§Brang. Geol Soo, 2nd Sex, vols v., pp. 670, B71, 
4"Behgal. Az, Soo. Jown,, vol, aiil., p 987. 
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Wyndham. These aro all * the fossiliferous localitios for our Lortiary 
formation with which I have bocomo acquaintod, with the oxception of 
Bombay, and Pangadi near Réjdmandri, afterwards’ to be moro 
particularly noticed. But besides these there are many places whovo 
the same deposit occurs destitute of organic remains. For oxample, 
my fmend Mr. Hunter and myself, on a Mission tour, traced it almost 
without interruption from the vicinity of Nigpur, whoro the “fossils 
cease, westward to Ehchpur, a distanco of 100 miles ayd upwards ; 
and while the material of the rock was sometimes a whitish lime, and 
at others a green or a red clay, we were uniformly unsuccessful in 
finding in it any kind of fossils. Similar differoncos aro exlnbried in 
the unfossihferous stratum around Shiwani. At Garhitkota, near Sigar, 
thence to Tendukheda, on the Narbadda, wherevor Major Franklin met 
with trap he “ always found it in association with oarthy limestone. 
The experience of Captain Dangerfield vogarding its position,was some~ 
what different, he having met with it in cortain parts of Malwa, as “a 
thin bed of loose mal, or coarso earthy limestone,” noar the bottom. 
of the small hills and banks of tho rivulets.”t Tho country botweon 
the Wardha and the trap region described by Colonol Sykos has nob 
heen examined by any geologist, so that no site can be named in it for 
our lacustrine formation except Jalna ; but Tremombor noticing it on 
my first arrival in India, nine yoars ago, ab many localitiog, though I 
have now forgotton their names. But whon we come to tho scono of 
Colonel Sykes’s efficicut labours § wo can trace it almost evorywhere, 
under the name either of “ ferruginous clay” or “ pulvoruloyt limo. 
stone.” The stratum of “red ochreous rock,’ varying in thickness 
from an inch to many feel, and m texture from friable to compact 
earthy Jasper, occurs at Nandur and Jihar, noar Ahmodnagar; at 
Kothul; in the scarps of tho inl fort of Harichandargad, and a moun- 
tain near Junir; and at Sirur, Wangi, and Barloni, botweon which two 
lastmentioncd places the hed is bolieyved to be continuous. Finally; ib 
occurs abundantly on the Ghats, frequently discolouring the tivulots, 
and giving a forruginous character to the soil over a considerable area. || 


Sidemmprnnentlteninnrtarint eta ntenintomvrtrenintndienmrteretntrae nner seeeyey—rraeintttahipeanteniunentheereneenenimnihntitustcinenrenionnsenesseneiytie, 


* ® Thave sings read of tho discovery of a gyrogonite in a white aluminoua shale, whiok 
wv gui through for the railway botwoon Madras and Bangalore. Wishing to loam who. 
ther this oharferous doposit was of the same ago aa onva, [ wrote to the anthor of ke 
anitdtin@ertent referred to, bits veceived na reply, Tf it is contemporancona, this will, dimly 
our tertiaxy formation 200 miles further south than any looalily at prosent known, 

+ As. Reg, vol. xvili, pl i, p. 88. 

+ Maloolm, yolity, p. 828, . 

§ Geol, Trans, 2nd Ser,,,vol, ty, {| Gool, Trang, 2nd Bon, vol, fy.) p. 419. 
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Pulverulent limestone is gonerally found in layers, varying from an 
inch to three feet in thickness, and covered by a few feet of black earth. 
Examples of if are mot with at Jihur and Islampur, near Ahmednagar ; 
at Karkamb and ai Salsee, ton miles S. of the fortress of Karmali.* 
Crystalline limestone, which occurs as an imbedded mineral in amyg- 
daloid,+ and “ great masses of mesotype,”t which aro found in a 
similar position, soem to me, if I may judge from the analogy of the 
district of Nagpur, to be instancos' of our formation somewhat trans- 
formed. The ochreous rock or ferruginous clay above mentioned was 
discoverod by Newbold at Sindaghi, in the Southern Maratha Country, 
which, lies south of Colonel Sykes’s district, and it was doscribed by 
him as “finely laminated bright red bole,” from three to six feet 
thick.§ And this is most probably the origin of tho “red clay,” 
which Newbold on analysis found to be the basis of the amygdaloid in 
which zeolitic crystals abound. 


The strata of Bombay have been described in an able and luminous 
manner by Mx. H. J. Carter, of tho Bombay Medical Sorvice.|| In 
thickness thoy greatly surpass anything wo mect with in Central 
India, reaching to between 40 and 50 feet, and they are peculiar in 
having a littlo carbonaceous matter covering somo of the vegetable 
remains. The fossils themselves, howevor, whethor animal or vege~ 
table, bear & remarkable resemblance to those which have beén brought 
to light at Nagpur. Thus we find among thom a freshwater tortoise,— 
the elytra of insects,—an abundance of Oyprides, one species of which 
appears 1o correspond with the 0. cylindrica (Sow.), first found by 
Malcolmson,—a few indistinct impressions of shells like Melania,- 
fruits and seeds, though not of the same genera as ours,—ensiform 
endogenous loaves, like the Nagpur specimens,—corniform roots, 
which diffor from ours only in being largor,—and an abundance of 
dicotylodonous wood. 


At Pangadi or Peda Pangadi, noar Réjdmandri, not far from the 
mouth of the Godavari, thero are found some outlying ivap hills, which 
Gexeral Cullen pointed out to Dr. Benza as fossiliferous. That gentle- 
man visited the place, and decribed one of the ominences as consisting 
ab its bees éf sandstono, which is overaid by “athygdaloid veinod with 
pierre rn pestis timer te 

# Thid, p. 420. + bid, p. 428. 


t Ibid, p. 421. § Royal Ag, Soo. Journ, vol. ix, p. 88. 
 Tbid., p, 85. { Bom, Br, RB. As, Journ., vol. av. 
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jasper, then a limestono doposit with fossils, and finally a shoot of basalt. 
The fossils wore statod by Dr. Bonza to be partly marino and partly 
freshwater ; but as his statoment was made at a timo whon not much 
attention was paid to thadistinction botwoen these two classes of sholls, 
it was supposed that it might be incorreot, I coufess that I myself{was 
guilty of this wrong to the memory of an able geologist. Ilowovor, 1 
took stds to discover tho truth, and through my friend Licutanant 
Stoddart, employed in connection with the Goddvari public works, [ 
have ascertained, I am happy to say, that Dr. Benza is substantially 
right. His oysters were real oysters, though his “ Ampullariw” most 
probably belonged to some spocios of Physa. ‘On only ono of theso 
hills,” says my intelligont informant, “could I find" any oystors ; bub 
thore, I must say, thoy were as plentiful as stones.” At tho fool of a 
hill opposite to this, Mr. Stoddart found sevoral kinds of sholls, and 
among them a Physa idontical with a species common around Nagpur 
which was in the same block with a Ohemnitsia. Thoro soofls to bo a 
great variety of molluscous romains at this locality, and it would woll 
deserve a longor invostigation than my kind frioud was ablo td givo it.* 


Here, then, we have the best proof which similarity of position and 
specifixitdentity of contained fossils can afford, that the doposit enclosed 
in trap at Pangadi is properly contemporancous with our freshwator 
deposit in Central India, although a majority of its organisms aro truly 
marine. It is evident that it was hore our great collection of frosh 
water, stretching, either in one continuous shoet or interruptedly, a dis- 

‘tanegowof 1,050 miles, in a direct line from Réjmahél to Bombay, and of 
660 thiles from N. to the neighbourhood of Pangari, dischargod itself 
by an estuary into the sea. Whether this great oxpanso of frosh water 
was one or many lakes cannot now be determined, in consoquenco of 
the disappearance of trap from many situations whero onco it must have 
existed; but I am persuaded that tho more careful tho oxploration 
made in the groaf basaltic region of Western India, the more evident 
tbwill become that the intorvals between the lakes, if any thore wore, 
‘i ib‘have been exceedingly small, This was the conviction left onmy 
tnd-by travelling from Négpur to Hlichpur, and this I think will be 









ll series of fossils from Pangadi sont by the authors comprises Ostrea, Curdiun, 
tina, and Nerinaa ?—EHo. Quart. Journ, Gool, Soo, Lond. 







aad 

anon fhily I havo been favomod with a sight of the fossils from Kétoru, two mila N, 
of Raj fmt kgrpenniod by W. BDiliot, Baq., to the Bongal Asintio and Madras Contral 
Museums; héy dnolude two species of Ourdita, four of Corthiwm, and a Monoceroa ax 


eee Abs able of them appear to agrea with a specios al prosont found in our Indian 
‘ me Dy . 
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the feoling produced in the mind of any one, by taking a glance on a 
map at any district, like Coloncol Sykes’s, that has been surveyed, even 
wilhout a reference to a lacustrine deposit. 


Minerals in the Prap—l ought now to describe the minerals con- 
tained in our overlying and widerlying trap ; but this has been go well 
done by Voysey, in his remarks on tho structure of Sit@baldi Hill, that 
iL is unnecessary. One of tho most common in the locality jut named, 
though elsowhoro rare, is a pitchy black substance, with a sloe-like 
bloom upon it, lining the amygdaloidal cavitics. This Voysey appears 
to have called “ conchoidal augite :” my friend Mr, Carter supposes it 
obsidian. It occurs in bands lying one abovo another, which may be 
followed to a great distanco in a horizontal direction. Tho intermediate 
spaces scem as if they had been succossive effluxos of volcanic matter 
ranning along bencath tho freshwater deposit, and then under one an- 
other, cach oflux being united or welded to the preceding one by a 
vesicular “bolt. Many of tho minerals that are met with in the 
amygdaloid are derived from the tertiary strata. This is particularly 
tho case with jasper, the veins of which, as may be learned from 
Benza’s description of Padpangali Hill, and, as wo porceive in numerous 
places in this vicinity, aro siluatod just at tho zone of the vesicular 
trap’s intrusion ou the superior deposit. Sometimes, instead of being 
jaspidifiod, tho ontanglod parts of the strata are convertod into chert, 
at other times thoy are crystallised into ponderous masses of megotype. 
In one locality the calcareous mattor is diffused as strings a through 
the amygdaloid, forming seams of kunkor, like those represented by 
Newbold ;} in another thoy are scarcely enclosod within its substance, 
but remain in blocks at the lower part of the deposit, which are 
compact externally, but in tho interior, where tho heat has continued 
longest, aro found to be an aggregation of crystals, 

On the plain south of Gidad hill there is, lying about, a great bund. 
ance of spherical nodules, which on being broken up exhibit  struc- 
ture radiating from a central point, so that they have been mistaken for 
Aleyonites.t The faktrs, who have located themselves! du the top of 
the eminence, have adroitly taken advantage of this’ iatural phenom. 
enon to exalt the name of tho saint whose disciples they profess to be. 
These nodules, according to them, are 8o sriiiiay fruits and spicos of 
difforent ‘sbits, which Shok Farid converted into stone, the largest 
eae once been cocoanuls, the middle-sizod betelnuts (Areca), and 


; # As, Ros, vol, xvifi , p. 128. ate 
2 Yt Royal As, Soa, Journ , vol. ix, p. 88. { Journ, Bon, As, Soo, val, i, ps 626, 
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the smallest nutmegs. There is a resemblance of the nodules to the 
last two natural productions ; but, as all aliko display an acicular crys- 
tallisation, it is difficult to trace the similarity of tho largest to tho fruit 
of the cocoa. Much hght must bo introduced into this land bofore the 
inhabitants shall be convinced of the falsehood of the allegod miracle, 
and shall be able to understand that the senting organisms are simplo 
zeolitic concretions that have issued from the soft subjacent? rock. 
Nodules of the same shape are found in the same formation at Sono- 
gaum, near Kalmeshwar, fifteen miles NW. of Nagpur, but, being purely 
calcareous, their interior consists of a confused mass of rhombic 
erystals. 

The Age of the Trap.—Beginning with the moro Tecent, as we have 
done in rogard to the stratifiod rocks, wo find that the amygdaloid or 
underlyimg trap has not only invadod the tertiary formation, but broken 
it up, and alony with 16 the nodular basalt by which itis capped. The 
amygdaloid eruption, then, is incontestably subsequent to the basaltic, 
But what age 1s to be assigned to the latter? It 1s evidently posterior 
to the freshwater beds on which it rests. Woe have thus an ovorlying 
effusion of nodular basalt, which has taken place aftor the tertiary strata, 
and an underlying intrusion of amygdaloidal irap, which has occurred 
after the basaltic effusion, Besides these two formations of trap T 
know of no others in Central India, oithor more modorn or more 
ancient. Oaptain (now Colonel) Grant, in his paper on the Coology of 
Outch,* and Mr. Carter, in his memoir on the Geology of Bombay 
before quoted, have adduced ample proofs to show that in tho districts 
which they have examined, there have been cruptions of volcanic 
matter subsequent to the amygdaloid; but in all tho districts through 
which my colleague and myself have been called to travel no trap 
formation so modern has fallen under our obsorvation. Nor has any 
more ancient than the overlying trap been discovered, Ii might be 
thought, from the occurrence of isolated pieces of trap in tho lower part 
of our freshwater strata, that while these were boing deposited there 
Were sheets of volcanic rock already on the surface of Central India. 
But it appears to me that there are no such fragments whose existonce 

isi not be accounted for on the principle explained by Lyoll in his 
‘Mania Hie 4th edition, p. 446, and stated in a precoding page of this 
papét,Besides, at Bhokéla and some parts of Tékli Plain, where the 
amyg al hes not been intercalated nnder our tortiary formation at 
all, but ‘wtealthe latter, with its characteristic fogsils, rosts immediatoly 


~ * Tyiinat Geol. Soo. 2nd Sei, vol, y. fot 
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and conformably on the sandstone, there is not a trace of volcanic 
matter 10 be soen. I am inclined, therefovo, to doubt tho occurrence of 
any trap in Contral India older than our lacustrine deposit, In the 
southern portion of the Réjmahél hills M‘Clolland* informs us that 
amygdaloid ia found underlying the coal strata of that district. The 
coal there is manifestly the usual so-called odlitic coal of India, and, 
therofore wo have amygdaloid disturbing the jurassic formation. But, 
if a stranger to tho locality may be allowed to express an opinion, I 
would respectfully submit that the position of the amygdaloid is not 
conclusive against its comparatively modern origin. It is obvious that 
the most recont age attributable to an intruded rock, such as itis, can- 
not be exactly detérmined by observing what strata it has disturbed m 
one district ; for it may have invaded an older formaiion in one locality, 
and yet, rismg lugher, it may have brokon m upon a newor formation 
in another place ; or, applying tho principlo to the case itt hand, the very 
samo amygdaloid which M‘Clelland calls secondary trap, because 1t 
has been erupted among tho oodlitic strata of Réjmahdl, may be tertiary 
trap here, if it is, as I beliove, the identical offusion which has beon 
intercalated between tho odlitic and tertiary formations of Nagpur. 
But for tho conclusive dotermination of this question tho disirict of 
Réjmahdl, with a tertiary formation found in connection with trap in ils 
northorn part, and jurassic strata associatod with trap in its southorn 
part, prosonts tho most befitting arena. 

Mode of its Hruption—Bcforg leaving the volcanic rocks it is 
desirable to indicato the lossons which Contral India teaches as to tho 
manner in which they wore formod. Now, the first thing which strikes 
any observer of the groat basaltic field of this country is tho comparative 
absence of all cones or crators throughout. T cannot namo a spot in all 
the tract with which I am acquainted whoro I could say either the nod. 
ular basalt or tho amygdaloid came from below. The nodular basalt 
seoms’ to havo flowed along for immense distances, filling up the ter- 
tiary lako and loaving an arid plain in itsroar. Then the amygdaloid, 
insorting itself betwoon tho sandstone and the freshwater bed, scems 
to havo flowed gonerally underground on the same scale of grandour, 
Sitabaldi Hill, which is almost an outlier of the great basaltic region of 
Western India, boing connocted with it by a very narrow neck, would 
bo a favourable placo for ascerlaining whethor the underlying trap 
’ avhich has thoro a¢cumulated under the tertiary deposit 10 a considerable 
thickness, has been forced up vertically through the gnoiss and sandstone, 
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Which appear around the base of the hill to bo inferior to it, or whether 
ithas boen horizontally intercalated, asin tho generality of placos he« 
twoon the sandstone and the tertiary. I am disposods to tako lattor 
view; but, 1f the Governmont quarry were only oxcavated a fow foot 
lower, as Voysey long ago suggestod, it would put an ond to all doubt. 


From the statements previously advanced regarding the trappoan 
rocks of Nagpur, taken in connection with the samo formation ih other 
parts of the country, it is obvious thoro is no foundation whatovor for 
the supposition that the great outpouring of basalt in India took place 
in the ocean, And, although I beliove that the fresh wator in which is 
really was effused must have stretched over great aroas withqut much 
interruption, yet the discovery in tho torliary slrata of abundanco of 
pulmoniferous molluscs, such as Limnceus and Physa,—of plants, such 
as marsh or shallow-loving Endogens, buriod’with their roots and fruits 
almost entire, and thereforo not far from the spot whore they originally 
grew,—not to mention the occurrence of an amphibious univalvo 
like Suceinea, and of land-shells hike Bulimus, togethor with great quan. 
tities of seods and fruit and timber, the spoils of tho noighbouring dry 
land—~plainly shows that the water in that part of tho lake was of no 
gtedt depth, Indeed it seams obvious that in placos not a fow the 
water of the lake must have been so shallow as to allow tho ignoous 
rock which was poured out ovor its bottom to riso abovo iis surface 
into the atmosphero. We must rosort, then, to somo othor hypothosis 
than aqueous pressure to explain #ho hovizontalnoss of our trappoan 
hill-tops, and a causd adequate to the effect is the well-known law by 
which the surface of liquid bodies is roduced to tho samo uniform lovel. 
To this law volcanic matter is subject in sproading over an avon either 
of land or water. If to this it bo objected that thon wo should oxpect 
the surface of the effusion to appear scoriaceous like modorn lavas, it 
may be replied that naturally all such light matorials in tho lapse of 
ages would be worn away. 

VII. Lhe Sandstone Formation, 
Under the amygdaloid, or, whore it has not beon intercalated, im- 
2 Radiatoly under the tortiary froshwater strata, is found an extonsive 
: Seles of rocks consisting chiefly of arenaceous bods. 
«4. [ho upper member of this sorios is seon at the fool of SitMbaldi 
Hill, passing into gnoiss, into which much of il, a8 wall ag most 
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probably all the lower members, have been converted, . Without enu. 
meraiing all its localities, I may mention that a good section of it is 
presented by a rivulet skirting the Lal Bag, where the layer uxider the 
nodular trap has itself beon rendorod distinctly nodular. It may be 
observed in the western division of the city of Nagpur; and it stretches 
in some places under the amydgdaloid, in others under the tertiary bed, 
but for the most part as the surfaco-rock, through Takli Plain to Bho. 
kara. At N&gpur andin Takli Plain the strata are of friable sand 
intermixed with kunkor, and variegated with a deop irony-red and 
occasionally a parple colour. But it is at Bhokar4 where we can under- 
stand it best. In one of the quarries there we find it as at Nagpur, 
only with less of tlfe colouring matter. Going northward to another 
quarry, we see it on the way overlaid by the lacustrine formation be- 
fore described, which is capped by a small riso of nodular trap. 
Arrived ai the quarry, which is only about 100 yards from the first, 
we find the same upper member of the sandstone, now, however, no 
longer soft and crumbling, but so hard that the hand millstones of the 
country, which rosemble Scottish querns, are derived from it; and the 
ferruginous mattor, instead of being diffused as blotches, is gathered 
into waving iron bands more indurated still. At this placo those 
upper beds, which are about 25 feet thick and very coarse, contain 
angular fragments of a finer sandstone which lios below. Noar Bézar- 
gaum. the strata, where exposed, are pierced with irregular holes, which 
seem to have heen causod by the gption of rain and the atmosphere, 
At Kémpti, situated towards their top, and rising oven to tho ‘surface 
through the soil, are imbedded huge blocks, some of them angular, 
but most of them rounded and waterworn, which contain almost 
all the fossils that have been procured from that interosting locality. 
At Silew4d4, towards their lower part, there occur a considerable number 
of compressed stems of troos én situ, one of which, presenting its hit 
edge in the side of a quarry, may be traced for about 20 feet. A few 
inches further down we come to tho largest of the iron bands, which 
consists of a conglomerate, about six inches thick, enclosing fragments 
of dicotyledonous wood convertod into a kind of jet, and impregnated 
with iron, Ferruginous bands are common not only at SilewAdé, but 
also at Babulked4 and Tondakhoiri. It is only; however, in the neigh- 
bourhood of Ohénd4 that any one of thom has been found to contain 
wood in a silicified state, 


8, Underlying the iron band we céme to layers of a much finer kind 
consisting of argillacoous sandstone, varying from white Lo yellow and 
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pink, andy generally containing specks of mica. ‘These strate, which 
ave used for pavement and carved wérk, extond downwards for about 
15 feet, whon they gradually become coarser, until thoy aro suilablo 
for millstones. The entire depth of these layers, aftor their change 
from fine to coarse, has not been ascertained, Dispersed through them, 
as we saw was tho case with the upper membor, aro occasional angular 
fragments, so that it is difficult to distinguish lithologically between 
the two, except that the inferior beds always contain loss oxide of iron 
than the superior. 

Tt is in the argillo-arenaceous strata that we havo mot with noarly all 
the fossils which the sandstone of Silewad4, Bhokfrd, Babullchedé, 
Bharatwidaé, Tonddkheiri, Bézdrgaum, Chorkheirl, and Chanda has 
yielded ; and there is every reason to bolieve that the imbedded blocks 
of Kémpti also, which have furnished so many vegetable romains, were 
originally derived from them. 

Chorkheiri and Chanda are the furthest limits north and south from 
which I have procured fossils of tho inforior mombor of the sandstone ; 
and the fact that the fossils are oxactly tho same, in addition to a rosem- 
blance in lithological characters, demonstrates that the strata are so also. 

ot ‘ ‘Butwedn these two extreme ‘points, howevor, undor an outerop af 
coatse sandstone of much the same character as the generality of our 
upper beds, oxcopt that it is not coloured by iron or pervaded by iron 
beds, there are found at Méngali and ils neighbourhood fossiliferous 
strata applied to the same architcctural purposes as our ordinary lower 
strata, though they differ from ther im being of a deop red colour, finer 
aildé thors sdotile, and with a larger admixture of clay and mica, As 
the Mangali red slaty sandstone contains scarcely any organic remains 
common to the inferior layers about Nagpur, it is not without hesita- 
tion that I include it under tho present head,tand arrango its fossils 
along with those of the more typical strata, 

[Fossils of n.—For the same reasons as stated above, p. 268, in the 
case of tho paleontology of the tertiary deposits, the numerous fosails 
of this division of the sandstone series are heve merely mentioned in 

. Short, their detailed description being deferred until the publication of 
‘Bart TL. of this memoir. ; 
jo these fino and coarse argillaceous sandstones, rich with plant remains, 
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hodont Reptile* (from Méngali). 


oa 3 
: . 
* Thehuaijegs Igticeps, Qwen. Seo Quart. Journ, Geol, Soe, Lond, vol, By pe aTh; 
and xi, p, 79; PID Landthisvdl p, 288.—H, J. 0). , 
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Tishos ; small jaws and ganoid scales, 

Crustaccans ; Hstheric, 

Plant vomaths. 

Fruit and scods ; numorous and undoseribed. 

Leaves; Conifer, Zamitos, Poacites, and Porns (Pecopleris, Glossop- 

ler is, Leentopteris, Cyclopleris, Sphenopteris). 

Stoims ; exogenous and ondogenous. 

Acrogons ; Aphyllum, Hquisetites, Phyllotheca, Verlebraria.] 

c.” Botweon tho sandstone quarries at Bhokéré and Korhddi gian- 
ilic rocks have lifted to the surfaco, with a dip of 80° to SW., a 
sories of red shaly beds; and botween theso and Bhok4ré another spo- 
cies of groen argillaccous strata, lymg somewhat more horizontal. The 
rolation of theso two to tho sandstone bods, from the absonce of any 
good oxposure, I have not beon ablo to ascertain , but they would ap- 
poar to underlic it. Besides tho locality now named, theso rocks are 
dovelopod in the district north of Chéndaé, but they roquire to be 
distinguishod from the green shale in the vicinity of the Mah&dewas, 
which is associated with tho bods of Indian coal, and rightly classed 
under the sub-division 5. Tho rod shalo at KorhAdi has yioldod tho 
following organic remains :— 

Fossils of o.—A. roptilian footmark of ono-third of an inch long, and 
as much broad. Threo or four spocimons havo beon obtained, cach ex- 
hibiting only ono print; owing to tho brittloness of the matrix, I am 
not sure that all tho impressions aro of tho samo kind. 


On. tho samo specimens that bear these footmarks aro soen tho tracks 
of wormliko animals. That tho animals forming those tracks have 
boen Annelids, resombling carthworms, will be ovident to any one who 
considers tho appearance of the furrows, the way in which the head 
has occasionally been pushod forward and thon withdrawn, the,tubular 
holes by which the ground has been piorced, and the intosting-shaped 
evacuations which havo boen left on the surface, Tossil worlmborings 
havo beon found in tho greon shalo of Tadédi, NW. of Giada, seventy 
miles 8, of Négpur. ¢ 

The only vegotable organism which has beon discovered in the shalo 
is a sulcated plant, which most probably belongs to the gonus Phyllo- 
theca 3 but, as sufficiont longth of the ster has not beon obtained to 
display tho articulation, its prociso character cannol be fixod. 

p, Immediately below tho red shale thore are found bods of while 
marble at Korhddi, which have beon greatly disturbod and dolomitised 
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section obtained by Dr. Bell * wo find sandsiono, from 50 10 500 ; argil- 
aceous limestone, 9 feel; and, after various unimportant argillacoous, 
bituminous, and calcaroous strata, in all 4 foot; limostono 1 ft. 9 in, ; 
Jaminated sandstone and shalo, 8 feol; and argillacoons &e sivale as bo- 
fore, 11 feeb 8inches,—we como to limestone, 23 feot ; thon argillacoous 
and calearcous beds, 25 feet ; rod clay 27 foel; and limostono.” Tero it 
would appear that shale, sandstone, and limostono aro intorstratified. 


Though there is no great devolopment of carbonaccous beds in the 
district which is the moro immediate subject of this papor, yol I should 
regard the communication as incomplete without some nolico of tho 
position of the Indian coal in roforence to our sandstone sivata. Bhu- 
wan, in tho north-west of our area, atthe foot of "the Mahddowa hills, 
furnishes us with a common term of comparison. 

Thickness of the Strata —a. The highest bods, as oxposod in tho 
quarries of Silewad and Bhokéré, averago about 25 foot of coarse sand. 
tone, with iron bands, below which there are 15 feot of argillacoous 
sandstone, B, with an abundanco of fossils, and an undolerminod dopth 
of coarse sandstonebeneath. Thesoconstitulo what My. Cartor, in an 
able Summary of Indian Goology which I have just recoived, culls the 
¥Pannd” sandstone. From outerops of this sub-division of tho sand~ 
stone serios in other localitios near Négpur, tho wholo thicknoss of the 
highest beds may be reckoned at about 200 or 300 feet, At Kotf, 
as we have secy il rangos from 50 to 500 foot; at Mudaluity 120 fool; 
and at the Mahadewa hills, according to Mr. Sankey, 2,700 feol, which 
moust be its greatesb development. o, The depth of tho shalos at Korhddi 
and Tadadi seems to be—greon about 80 feet, red 50 foot. At Kot&, 
omitting interstratified argillaceous limestone and sandstone, all tho 
argillaccous thin strata united amount to 29 fect, red clay 27; whilo at 
Newhbold’s section of Mudalaity, where the shalos, usually roddish, 
undorlie the limestone, they attam a thickness of 50 feet. v, The lime. 
stono which underlies the shalo has been much disturbed by granito at 
Korhfdi, so that we cannot fix its thickness procisely ; but I should 
think it cannot be less than 100 feet—at Mudalaity itis 860 foot, 
Under this limestone, which is included in Mr. Carter’s oxcellent paper 
along withshalos and coal under the name of Kattrh shalos, thoro ocours, 
as Newbold has shown in Southern India, and Franklin in Bundelkhand, 
anothér serios of sandstone rocks, for which Mr. Cartor proposos 
the name of * Tard” sandstone; but as, most probably owing to tho 
so erereertentrtereiterinperdtmit pent henner thst ansenreny rue: peaseenemaneennmuit thse trimantiiesisievncsteihnis he 


* * Sea also Quart. Journ, Geol, Soa, Lond,, vol, x. p. 874, and nalo, 
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intrusion of the granite, this member of the formation does not occur in 
our neighbourhood, I have nothing to say regarding it, 


Character of the Formation.—There can be little doubt that the upper 
strata are lacustrine, The occurrence in thom of such an immense 
collection of torrestrial vogetation, intermingled with Poacites, taken in 
connection with the total absence of Fucoids and other marine plants, 
shows véry plainly that they must have been deposited in fresh water. 
And, as no river could have covered the extent of surface which these 
bods occupy, we are bound to conclude that, like the tertiary rock pre- 
viously described, they must have been formed in a lake, a conclusion 
which the discovery of Hstheria (or Limnadia), with their two valves en- 
tire, and congregated together as they are found in their usual haunts, 
fully justifies. Again, the abundance of worm-tracks and borings 
in the rod shale of Korhadi, and tho groen shale of Tadédi, renders it 
more than probable that the strata at these localities constituted the 
margin of an ancient lake, and not of asea or even ofariver. Of the 
origin of the dolomitic beds it is impossible to give any certain account, 
owing to the transformation which they have undergone, though we 
may suppose they follow the analogy of the other inembers of the form- 
ation. The charactor of tho uppor strata at Elichpur, as would appear 
feom the fossils discovered by Dr. Bradloy, is exactly tho samo as at 
Nagpur. Tho Lepidotus, which has been found at Kot4, from its associ- 
ation with torrestrial vogelablo romains, has boen propounced to have 
been probably an estuary or inshoro fish ; but, as the genus also occurs 
abundantly in tho freshwator strata of the Woaldon, it may be pre- 
sumed that tho strata at Kota are not of a difforent origin from thoso in 
our noighbourhood. This supposition is rendored moro likely by the 
fact that while no marine vegetation is said 10 have been detected there, 
apioce of the shale which Dr. Bell kindly sent me bears the impression 
of a bivalve exceedingly like a Oyrena or Oyclas. Dr. M‘Clelland 
seems to suppose that tho Bardwan coal-measuros wore deposited in 
a goa, for, in tho last plato of his Survey already referred to, he has 
figured a fossil which he has called Fucoides venosus ; but any person 
who ¢ompares the plant there represonted with the Glossopteris figured 
in his Plate xv. undor the name of CG. reticulata will, I believe, agroe 
with me in considering both plants generically, if not specifically, the 
tame. I infer, therefore, ihat there is no ovidence whatever to prove 
that our sandstone, or the shale at Kota, or the Bengal coal-measures, 
woro deposited in the sea, but, on the contrary, overy reason to believe 
that they were all formod in a largo body of fresh water, 4 
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by the plutonic rocks above roferred to.* Stmuilar strata, but pink aud 
blue, occur in the channel of the Pech at Gokala, a litle above Parshi- 
wani; and still highor up, at Newagaum, ib rises into a chain of emin- 
ences, which runs thence wostward to Kumari. Following up the rivor 
still further, on its right bank we come to a patch of tho same crystal. 
line limestone at Dudhgaum, where it is in the vicinity of trap. To tho 
east of this, at A/mbajiri, in Chanpur, it occurs again: but thore, as in 
most of its other localitios, the granito rises to tho surfaco in the noigh- 
bourhood. Limestone is found also on the L.dnji hills at Kunde and 
near Bhaupur, to the east of Hatté, but whether it is tho limostono 
associated with sandstone, or just a calcareous phase of our freshwalor 
tertiary formation, from not having visited tho spot, I am unablo to 
decide. It seems to be comparatively free from magnosia, in which il 
differs from the generality of the strata of which wo aro now treating. 
From the heat to which these have everywhero in our arca boon sub- 
jected in the process of dolomitisation, we nood not expect to dixcovor 
in thom any organic remains. Newbold thought that he had found in 
certain cherty veins of limestono noar Karntil myriads of spherical 
Foraminifora. We have also veins of chert in the Korhadi limostono 
which exhibit appearances that might be mistaken for tho samo objocts, 
but they do not seem to be really organic. Tho minorals mosh abundant 
in the dolomite are tremolite and red and yollow stoatito, which last, 
when the surfaco of the rock is weathorod, stands oul in little prom- 
inences, as if it, were a specios of lichon, 


The whole series of strata which we have designated by A. 2, 0, D, wo 
conceive to be only sub-divisions of the same formation. They havo 
been disturbed by the same granitic oruptions, and whero fossiliferous 
bear a general resemblance to each other in their organic romains, 
But this mutual connection is more apparent whon wo comparo tho 
series within our area with strata beyond it, From Mr. Sankey we 
learn that the sandstone represented in the north-west corner of our map 
is succeeded, in a descending order, at Chot& Barkoie by bituminous 
shale with fossils and sandstone. and at Bhuwan, at the foot of tho as~ 
cent to one of the Mahadewa or Pachmadi hills, by indurated green 
claystone and green shale, and bituminous shale with fossils, Again, 
sbelow the sandstone in the south-east cornor of the map, ns we are 


ms 
* This dolomite ought to be ranked with tho melau phic rock. The calearaons sbraia 


on the Lénji hills seem to be the only true represoniadives in our aron of the argillaccons 

limestone of Southern India, In the Régpuy district, oagh of our aren, argillacoous Jimo- 

stone abounds.-—§, H. 
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informed by Dr. Bell, thore oceur argillaccous limestone, bitununonsy 
shale with fossils, and afew alternating layors of impure limestone and 
bituminous shalo, until wo come to abed eiglrt: feet thick of laminated 
sandstone &c. Situated as our sandstone is botwoen those two ox- 
trome points, and appearing 10 bo a bond of connection botween thom, 
wo might, @ priori, oxpect that the intormodiato beds would be of the 
same ago as those ot tho localities on cithor side; and this opinion is 
confirmod by the appearance of the sandstone uear Nagpur, whick 
shares, with tho sandstonos of the Mahddewa and Kota lnills tho distin- 
guishing foature, first noticed in this neighbourhood, of being pervaded 
by ferruginous septa. These dark brown stripes, which in alt their 
hardness protrude from the weathered surface of the enclosing rock. 
will be found, wherever they occur, a very good criterion of judging of 
the age of the sandstono. But besidos identity in the arenaceous body 
of our whole district, we can trace the same identity between the®sub- 
jacent sirata at Nagpur, Pachmadi, and in the Hydorabad country, 
The groen shalo at the Mahidewas and that at Tadaci are differont. 


At Kota, according to a private letter with which I was fayoured by 
(the late) Dr. Bell, red clay, of greater thickness than any stratum that 
was passod through, undorlies tho other shalos which ho has enumerated 
im his section, * and in localitios {nrther south Malcolmson states} that 
tho shales on witich the sandstone rests aro biuo, rod, groon, or pure 
whito, Tho slraia at Mundipar are metamorphic; and, as we aro told 
by Newbold,t tho sandstone of tho Hastern Ghats frequently “ passes 
into red and grocn argillaccous and siliecous slates and Jaminatod 
marls.” Ithink, thon, that, though inferring tho idontity of Nagpur 
sandstone with that of Southorn India, from the eceurronce of diamonds 
at Weirdgad, Maleolmson’s statement was wrong as to its grounds, yet 
it was perfectly correct as to its matter. The position of tho shale in 
roforence to the Hmostone seems to vary. At Korhdédi itis the superior — 
rock, Such also is its position at Bangnépilli, according to Malcolmson,$ 
and generally according to Newbold. In a scction, howover, of the 
pass at Mudalaity, given by the latter writer, wo have the following 
order: “ compact light-coloured sandstone, 120 feet; limestone, 310 
feet; shales, 50 feet; laminar and massive sandstono, Whereas by the 





* Quart, Jown. Geol. Soc, vol vili., p. 282. 

+ Trans, Geol. Soc., 2nd Sor, vol. v., p. 648 [and this vol, p. 7—IL J. C.]. 
t Journ. As. Soa., vol, vili., p. 167. 
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Dr. Mé Clelland’s sentiments, which in 1816 woro vory docidod as to 
the true Paleozoic character of our Master coal,+ seom to have romained 
the same at the poriod of his more recont publication on tho subject. 
for we find him in his Survey, while admilting tho Oolitic ago of some 
bluish-white indurated clays at Dubréjpur, in tho Rajmahd) hilly, 
nevertheless placing the shales, sandstoncs, and seams of coal of Bard- 
wan, and of Mussivia and Kottikiin, in tho Rajmahal hills, as an 
intermediate formation, which he styles the “ Coal-moasure,” botwoon 
the Inferior Oclite mentioned above and what ho supposes to bo the 
* Old Red Sandstone.” After deducting specimens of Fucoides, which 
T cannot, with the aid of lus figures, distinguish from those of Glossop- 
teris, there are soyen genora, to which he rofers ~s “ Indian coal- 
measure fossils.” Ofthose, four, viz., Sphanophyllwm, Poacites, Qulamites, 
and Pegopteris, he says are “common to tho coal-measuros of Huropo.”? 
In thefonclusion which would naturally be drawn from this statomont I 
cannot concur ; and henco it is necessary 10 review tho grounds on which 
itis made. The three genora not mentioned aro Zunuites, Teniopterts, 
and Glossoplerts. Of these tho first two aro held to bo well nigh 
characteristic of the Jurassic poriod, whilo the remaining pons, thoug'h 
amknown in Hurope, must, from tho circumstancos in which it is shown 
to cour, now be acknowlodged to be equally a Mesozoic plant. And 
with rogard to the four genora specified, I do not supposo that Dr. Roylo 
will assent 10 the idontification of his Ti tzyyia with Sphenophyllum, and, 
ifany spoeimens of tho gonus Oalamites had been preserved for doscrip- 
tion, havo little doubt they would havo proved to bolong to our “non. 
tuberdulated class of opposito sulcated jointed stems,” which abound in 
formations above the true coal-measures. Tho gonora Poceciles and 
Pecopteris I have found in our Jurassic strata, and a spocimen of tho 
atter here is so like one figured by M‘Clolland that it is dificult 1o 

ist the conviction that they do bolong to tho same specios. If to tho 
evidence now adduced there be added that afforded by tho ocourrenco of 
the peculiar plants Vertebrariu indica, Trizygia speciosa, &e. at Bardwin 
“and Bhuwén, I think little probability will remain of tho Bon gal coal. 

formation being Paleozoic. : 
" Dr. Hooker, in commenting on the opinion of Dr. M‘Clelland, which 
he supposed to be in favour of the Oélilic age of the Bardwin coal-fiold, 
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re Thete cannot, however, bo a doubbl ag lo ils belonging Lo iho leue coal formation, from 
the nature of the coal itsolf, as woll as of tha beds with which it is assouiatod,—Seorotary of 
tho Guloutta Coal Committco on the coal of tho Great Tonassorim Rivor, in Commilico’s 
Report,p. 188, Galentta, 1846. 
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at tho commencoment of his first volume, endeavours to prove that no 
inferenco can be doduced from the planig discovored in those strata. 
In his second volumo, howover, he puts forth an opinion of his own, 
which, though not formerly onunciated in regard to the Bardwin 
sorics of rocks, may be gathered from his remarks on the carbo- 
naceous shales near Pankhfwfdi. On these shales there were “ obscure 
impressions of Fern-leaves, of Trizygia and Vertebraria, both fossils 
characteristic of the Bardwén coal-field, but too imperfect io justify any 
conclusion as to the relation between these formations.* And then in 
a footnote it is added, ‘ these traces of fossils” (including a frag. 
ment of bone, as well as vegetables) “ are not sufficient to identify the 
formation with that of the Siw4lik hills of North-West India; but its 
contents, together with its strike, dip, and position relatively to the 
mountains, and its minoralogical character, incline me to suppose it may 
besimilar”’ It may appear presumptuous in me to impugn the ¥iow of 
one who, from personal no loss than hereditary claims, is entitled to tho 
utmost respect on the subject of vegetable romains. I feel, howevor, 
that the learned author has been led away by his distrust of the cvidence 
afforded by fragments of plants to rely on the more uncertain indication 
of mere lithological phonomona. Do strike, dip, &c. furnish us with 
such strong testimony on the question of age that for thoir sake tho 
Pankhawédi shales aro to be denied a place with the Bardwin beds which 
have Forns, Zrizygia, and Vertebraria, and tobo ranked with the Siwdlik 
rocks, which, I bolievo, havo nono of tho three? Or, if the carbongaeous 
strata at both placos aro allowed to be coutomporaneous, are both to be 
classed as Miocone or Pliocene whon the Bhuwin shalos, which like 
them exhibit “impressions of Forn-leaves, of Trizygia and Vortebrania,” 
ropresent sandstones whoxo numerous fossils, not to mention those of 
Bardwéin itself, are decidedly not more recent than Jurassic ? 


It only romains to add that the age of the dolomitised limestone can 
not be expected to be determined by the evidence of fossils; but as in’ 
other localities it is not unfrequently found to alternate with tke shale 
d, itmay be set down as nearly coeval with it ;—thus making the whole 
sefies of rocks from 4 to D to correspond with the lower members of the 
great Jurassic formation,— reaching perhaps from about the position of 
the Scarborough strata downwards into the Lias. 


VIII. Plutonic and Metamorphic Rocks.—At the end ofa paper which 
has already extended to such a length it would be unbecoming to sa 





# Himalayan Journals, vol, ii, p, 403, 
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Age of these Strata.—The coarse iron-banded sandstone above, and 
the more fissile strata lying conformably below, which aro undoubtodly 
of one and the same era, require first to be considered.* Tor the sake 
of clearness, however, I shall refer to the latter member alone, as it has 
afforded most of the fossils, and furnishes the best data for comparison 
with the rocks of other localities. Some of the seed-vossels which it 
has yielded bear no very distant resemblance to those of the Stohesficld 
slate ; Asterophyllites (?) lateralis, to use the provisional name proposed 
by Bunbury; and the forms of Pecopteris show its near connection with 
the carbonaceous shales and sandstones of Scarborough; Phyllotheca, 
Glossopteris, and the narrow fronds of Oyclopteris, if M‘Coy’s figure + 
be truly of that genus, mark out the relation to the coal-beds of Now 
South Wales, while Teeniopteris magmfolia, and sulcated stems in all 
respects corresponding with Phyllotheca, testify to the agreement with 
the Virginian carboniferous strata, These coincidences, some of which, 
asin the so-called Asterophytlites (7) and Teentopteris magnifolia, seem to 
amount even to specific identity, along with the remarkablo rolations 
which the distant localities exhibit among themselves, form a network 
of proof, which, in my opinion, binds down all the various series of rocks 
to about the same epoch,—an epoch which the known position of the 
Stonesfield and Scarborough strate shows to be Lower Otlitic, 


Whether the Méngali sandstone is to be rockoned contemporancous 
with these ; whether the two different kinds of strata thoro—tho coarse 
thick-bedded upper and the fine fissile lower—are to bo reckoned the 
equivalents of our 4 and 8, is a question which observation in the fiold, 
and a comparison of the respective fossils, do not enable mo to answer, 
The massive sandstone at Maéngali, as has been said, is dostitute of iron 
bands, and the inferior argillo-arenaceous strata, are much redder than 
ours ; and especially tho organisms of the lower strata at the two places 
are very dissimilar, Here they are all vegetable, while there they are 
almost gxclusively animal. Only one of the fossil plants at Mangali ap- 
pears to us to bear a resemblance to anything found in this vicinity, 
At the same time if any inference is to be derived from the succession 
of the rocks there, it is in fayour of the idea that they are the counter. 
parts of our Aand s. And that they cannot in age be far removed from 
them is proved by a comparison, not of the Méngali fossils with othors 
in this territory, but of both these with those across tho Ailantio, Our 

* Professor Oldham states that thore is considerable inconformahilily botwoon those in 


Katiék.—s. H, 
: f Ann. Mag. Nat. Hist, vol. xx,, pl. tx., fig, 8 
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invostigations in tho resemblances of the sandstone fossils show that the 
Nagpur fossiliforous slrata are connected with the Richmond carbont- 
ferous formation by Teeniopleris magnifolia, while the Maéngali fogsth- 
forous strata are still more closely linked to it by ihe discovery of what 
appear to Bo Aspidiaiia, Knuorria, and tho interosting groups of largo 
and small Limnadiadw. foro, thon, we perceive that the lower beds at 
both Of these Indian localities bear a rolation to tho Virginian coal 
measures, characterised by an apparent specific identity of fossils ; and 
though the gonora of wlich tho spocies seom to be identical aro not the 
same in both cases, yet 1b is obvious, fiom the sort of cw quali argumont 
which we may be pormittod to uso, that these lowor beds must stand 
protty closely connectod with each other. But [ do not wish to push 
to an extreme reasoning on a pomt which the progress of mvostigation 
hore may soon clucidate by finding the sirata under considoration in 
juxtaposition. Meanwhile I consider mysolf waranted in asserting that 
our Mangali rocks cannot at all evonts be older than tho Jurassic, if 
undor that icrm the Lias is also mceluded. Indeed the head of tho 
Labyrinthodont tends to communicate to them a Triassic aspect; but if 
the Jurassic character of thow abundant flora bo taken as tho roal indi- 
cation of tho ago of those rocks, wo arrive at a conclusion which brings 
oul the interoyling fact that tho funily of Labyrinthodonts, instead of 
boing confined to tho Coal and Trias, survived (in tho Tast) until tho 
period of tho Lower Odlite. 

Rogarding tho ago of our shale oc, which thoro is overy reason to 
beliove undorlios tho coarse and fino sandstones A and 3, T havo little 
to say moro than that 16 cannot be mnch older than those. The occur- 
ronce of worm-tracks, as well as of faint tracos of Phyllotheen, will not 
allow me to consider it anything but part of tho samo Jurassic formation. 


But, as I have ondeavoured to show that the coal-measures of Bard- 
wan are oquivalents of our plant-bearing beds, and therefore belong to 
the Lower Oolitic group, it will be necessary to make a few remarks to 
establish the correctness of this view. On the age of the coal moa- 
sures of Bongal two opinions have been submitted te the public within 
the last four years—one in 1850 by Dr. M‘Clolland in his Geological 
Survey, and the other in the courso of tho present year by Dr. J. Tooker 
in his interesting Timalayan Journals.* 








(* Tins portion of tho paragraph on the “Age of the Sandstone” has boen remodolled. 
since the reading of the papor, so as to introduce the nedessary referoncos to the opinions 
published by Dr, J D, Hooker in hig most interesting work on the Tiamalayas.—June 14 and 
September 6, 1854.] P 
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mitch on this part of our subject, We have in tho city of Nagpur, and 
many localitics to the east of it, tho usual combination of gnoiss and 
quartz rock, mica and hornblende schist, with massive granito, Tho 
peculiarity of the [Astmentioned rock in the streets of the capital is that 
ibis generally a pegmatite, consisting of flesh-coloured orystals of felspar 
with quartz, disposed so as often to take the appearanco of graphic 
granite. But very frequently ib occurs with tho folspar compact in 
large white masses, which then have much the appearance of a puro dull 
porcelain. In Nd&gpur the most common rock is gneiss, passing into 
mica schists. The former rock when fresh is quarried, though not 
extensively, for building, and when disintegrated, for the repniring 
of the roads. But for both of these purposos respectively trap, in tho 
two conditions mentioned, is preforred. Massos of white quartz appoar 
here and thore in the city, some with crystals of black schorl, and othorg 
with scales of gold-coloured mica, The rango of ‘plutonic hills on tho 
west of Kampti, which is indeed only a narrow prolongation of tho great 
granitic district in the Wein Gang4 basin to the cast, has been thrown 
up by an eruption of granite corresponding nearly with tho conrso of 

; lar , The tnassive rock: which lies in tho channol of tho rivor, 
unlike thab of Nagpur, is generally groy and vary micaceotis. Above 
#, forming the N. base of the range, ls mica schist, passing into 
granular schistose quartz, which is overlaid by a strainm of dark-groy, 
glistening, resinous quartz, and thon by a considorablo thicknoss of white 
uartz with scalos of mica, This constitutes the ridge of tho rango for 

4 out dibs: ehtine length from Waregaum to Gumtard, and with its snowy 
whiteness attracts attention froma great distance, At the northorn base 
of the range, between the quartz and the dolomite of Korhadi, there aro 
interposed some beds of granular quartzose rock which las very much 
the appoarance of being an alterod sandstone, in which cago il might 
be the representative in this part of the country of the “Tard sandstone,” 
But throughout the field of crystallino limestone at Korhfdi thero ail 
“wapy*oruptions of granite, which just rise to tho surfaco, without any 
intormediate metamorphic rocks at all, In some of those instances tho 
unite is garnetiforous, and atits jumotion with the dolomite tho lalter, 
ides its usual ingredients of steatite and tremglite, is intormingled 
oa. At Hélyédoho, NH, of Umred, mica schist with garnets is 
: pavements ; it abounds along the course of the A'mb’river, 
arious plutonic rocks riso from undor tho sandstond, and 
rds to Karsingi, Tho first, which appears in the north 
jig syenite, in which the felspar and hornblende greatly 
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prepondorate over the quartz. About 300 yards to the north this is 
succeeded by another kind of »yenite, in which red felspar is combined 
with a small proportion of quartz, a largo quantity of a green minoral 
(epidote or diallage?). This rock (euphotide ?) sooins to be massive, 
and, if wo may judge from tho fragments of it lying on the surface, is 
the provailing rock for some milos, In an adjoining plutome area a — 
little to’ the north there is an extensive development of potstone at 
dJambul Ghat, Tho rich dark kind that possosses a dull metallic lustre 
has hitherto beon roscrved by Mar&th4 authority for the manufacture 
of idols; but the lighter-coloured varictios, which are moro common, 
occurring also at Dini, ncar Rémpaili, and at Biroli, on the Wein Gangh, 
near Tharori, havo been long used for fashioning into vessels. Steatitic 
schists of a pure white tint, with a fow imbodded garnet crystals, occur 
at Kancri, on tho Chulband rivor, and at various other localities east of 
the Wein Gang’. In many parts of this rivor’s course, and in the Lénji 
hills, hornblende rocks, both schistoso and massive, abound. A. coarse 
kind of corundum occurs at Pohord, in the parganné of Sdhangadiy on 
the south of the road from Nigpur to Rayopur. 

Metals —Small quantities of gold are found noar Linji in tho sands 
of tho Son river, a tributary of tho Wein Ganga. In some fragments.of 
quartz rock on Nim Hill, wé&i of the Pech rivor, Colonel Jenkins founé 
galona, Whore this rock is associated with dolomite, as at Kuméri, it 
contains manganeso. But the principal oro which it yields is irony 
this may bo obtained in immense quantilios in the province of Chindé, 
both on tho casi and west of the Wein Gangs. Noar Dowalgaum, only 
three miles from the east bank of this navigable stream, which com- 
municates by tho Godavari with the Bay of Bongal, in tho midst of a 
level country covered with jungle, there is a hill named Khandeshwar, 
consisting of strata tilled up at an angle of 60° or 70°, the dip boing to 
tho north. The summit of tho hill is about 250 feet above the level 

’ Of the plain, 100 feot being gradual ascent through jungle, and the 
remaindor an abrupt wall of naked rock, The iron ore is for thé*most 
part specular, though many specimens possess polarity,;*ahd seem to be 
magnetic. Itis on tho surface of the slope that itis most valuablo ; 
but the whole mass, from an unknown depth under ground to the 
highest poal abovo it, is richly laden with motal. This single hill might 
furnish iron for the construction of all tho railroads that shall se Hs 
made in India, and with its abundance of fuel and choapness of labour, 
and convonionce of situation, it is‘ admirably adaptod for an export 
tride to every part of the country. But besides this locality, there are 
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others in the neighbourhvod which could each contribute an unlimited 
stipply of the same indispensable metal. Among thoso may bo mon- 
tioned Lohard, Ogalpet, and Melapfr, Bhanapur, Monda, and Ciunji- 
wahi, which are all on the W. of the Woin Gang‘; and at all of which 
places the ore seems to occur in quartz, and is somotimos granular, but 
for the most part compact. Unimportant crystals of it aro scattored. 
through the pegmatito of tho capital, Notwithsianding that the spocu- 
lar ore is so abundant, thero aro many districts on the north of thoso 
already named where the hydrous oxide, in the shapo of tho heavier 
lumps of laterite, are selected for smelting by the poor natives, whose 
tools are anything but adapted for contending with the hard masses of 
the metamorphic matrix or ganguo. 

Age of the Plutonic and Metamorphic Rocks.—Thogo evidontly do not 
all belong to one and the same cpoch, Coloncl Jonkins obsorvos that 
at Nayakund, on the Pech, to the north of Négpur, ho mot with “a grey 
granite, composed chicfly of whitish felspar in very largo crystals,” a 
mass of which “was distinctly traversed three or four times by granite 
veins, accompanied by as many heaves.” ‘The granite of tho voins was 
smaller-grained and redder the more recent it was, and, to tho bost of 
that officer’s recollection, was destiiute of mica, Without, howover, 
more extensive artificial sections of the wocks in this noighbourhood 
than have ever been exeoutod, I foar it will bo difficull 10 fx tho re 
spective ages of the different eruptions, A cursory viow of tho quostion 
would lead to the supposition that tho micaccous granilo is moro ancient 
than the pegmatite; but, in areas whoro both sro presentod in the 
vicinity of each other, the soundness of this viow may bo questionod, 
or at all events it appears to bo impossible, in the present stato of tho 
country, to have it confirmed. The pegmatito of Nagpur city, which wo 
have said is Sssociated with gneiss, mica schist, and quartz with mica 
and with schorl, is evidently a very recent oruption, for it has not ouly 
converted much of tho very highest member of tho Jurassio sandstono 
into gneiss, but it has completely upheaved it. That tho oraptionl, 
therefore, was posterior to that formation, there cannot be tho slightosl 
doubt. But it has sometimes occurred’to me, though tho obsorvations 
of tho most ominent Indian geologists aro opposed to the thought, that 
this pegmatitic outburst may be subsequent evon to our irap. 

The section (Pl. VI., fig. 2) may throw somo light on this doubiful 
point. In. this section wo havo tho overlying trap («) ocoupying the 
two summits of Sitdbaldi Hill, under it tho torliary freshwater formation 
(0) and the intrided amygdaloidal trap (¢) which has encroachod on it. 
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At the fool of the hill is the wppor sandstone (d), which has beon 
metamorphosed toa great oxtont by tho gnoiss (e), or rather by the 
poginatito (f) beneath, On the north part of the hill tho gneiss comes 
to the surface ; but a little further north it is, togothor with the sand- 
stono, overlaid by trap. This trap, which agrees with that overlying 
the tertiary bods in being nodular and poor in minerals, resombles in the 
very samo respects the amygdaloid whoro it constitutes tho superficial 
rock on the ascent. Proccoding in the samo lino, we find tho trap cease 
and Lho sandstone uphoavod. After this interruption tho trap is again 
seen to be on the surface. Now the qhestion arisos ; whatis tho reason 
thal the trap is not found where the granite has thrown up the sandstone ? 
Tho most obvious roply is that once it was there, as it is seon on either 
sido, but that by this oruption it was removed ; in which case tho plu~ 
tonic rock would bo of more recent origin than ihe volcanic, But, as 
thoro is tho alternativo of the laiter nover having been spread over the 
position of tho former, and as this allernativo is favoured by the exam- 
ination of other localitics, I content mysolf with moroly submitting the 
case for determination, and stating that my latost observations lead 
mo to beliove that tho trap is of later ago than tho granite. At all 
evonts the section undoubtedly shows that tho pogmatito and somo of 
its accompanying gnoiss aro of an age subscquont to the, uppor sand- 
stono. And yot in alayor of conglomorato contained in the red shalo 
of Korhidi we meet with pebblos of undulated mica schist very like 
that which ocours in tho present day bolwoen Suradi and Korhidi. 
Rocks of this charactor, then, whethor wo are right or wrong in sug- 
gesting thoir connoction with any still oxisting, did exist hofore tho 
deposilion of tho red shales. ‘ 
Oonelusion,—In tracing the geological history of this district from 
the facts that havo boon brought forward, we are mado #8 fool that the 
early epochs are involyed in the utmost obscurity. Whilo in many 
other countrics the records of what took placo in Paleozoic times havo 
beon preserved in successive strate of the earth’s crust, in the Dakhan 
they havo been wholly obliteratod. It is not until we como down to 
the Jurassic era that we meof with archives whose characters can be 
read, Thon we find that Central India was covered by a largo body 
of fresh water, which strotched southward into the Peninsula, and east- 
ward into Bengal, while on tho north and west it communicatod by 
somo narrow channol with the sea. On tho shore of this lake earth- 
“worms crawled, and small roptiles (frogs) crept over the soft mud. In 
its pools sportod flocks of little Hntomostracans resembling tho niodern 
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Hstheria, mingled with which wore Ganoid fishes and Labyrinthodonta. 
The streans which fed it brought down into its bed tho débris of the 
plutonic and metamorphic rocks which thon constituted tho groater 
part of the dry Jand, and which wero coverod with an abundant vogo- 
talion of Ferns, most of them distinguished by the ontirenoss of thoir 
fronds. Low-growing plants with grooved and jointod stoms inhabited 
the marshes ; and Conifers and other Dicotylodonous trees, with Palms, 
raised thoir heads aloft. Meanwhile plutonic action was going on, and 

‘strata, as thoy were formed, were shattered and reconstructed into a 
breccia; and finally an extensivd outburst of granito elevated tho bed 
of the lake and left it dry land. Tho soa now flowed at’ Pondicherry 
and Trichinopoly, depositing the crotaccous strata which aro found 
there. 


At the end of this opoch Contral India suffored a deprossion, and was 
again covered by a vast lako, communicating with tho soa, not towards 
Cutch as before, but in the neighbourhood of Réjamandri, to which tho 
salt water had now advanced, Whontho lako had, during its appointed 
time, furnishod an abodo to its peculiar living croaturos and plants, ib 
was invaded by an immense outpouring of trap, which filled up its bod, 
dnd lefi Western and a groat part of Central India a droary wasto of 
lava. But theso basaltic steppes were ore long broken up. A  socond 
cruption of trap, not now coming 10 tho surfaco, but forcing a passago 
for itsolf under the newer lacustrine sirata, lifted up tho suporincumbont 
mags in rauges of flat-toppod hills. Since thon, to tho cast, water has 
wept over the plutonic and sandstone rocks, and laid down quan- 
titios of transported materials impregnated with iron, and some 
time after there was deposited in tho west a conglomorate, imbodding 
bones of liugo mammals, and above it a stratum of brown clay, 
which immediately precedod thp superficial deposits of the black and 
red soils, 


P.S.—I_ have to acknowledgo my great obligations to Lioutonant 
Colonel Alcock, of the Madras Artillery, and Dr, Leith and Mr. Cartor, 
of Bombay, for assisting me in obtaining accoss to books (or oxtracts 
from them), of which I should otherwise have boon deprived. 


The map of tho district doscribod is coloured goologically from an 
excellont political map givon in Rushion’s Bengal and Agra Gazeltoor 
for 1842. Tho formations between Chindwédé and tho Mahddowa Hills 
are ‘laid down from a sketch obligingly furnishod to me by Mr. Sankoy, 


46 


Diseriytion of the Cranium ofa Labyrinthodont Reptile, Brachyops 
Laticeps, from Mangalt, Central India. By Profossor Owny, IVR.S. 
E.G.S. [With a Plate.) * 

{Read June 21, 1854] 

Tun fossil obtained by the Rev. Messrs. Hislop and IIunter from the 
sandstone series of Méngali, about sixty milos tothe south of Nagpur, 
and transmitted for my oxamination, is a considorablo portion of a skull, 
wanting chiefly tho tympanic pedicles and the lowor jaw; it is imbed- 
dod in a block of bright brick-red compact stone, with ils upper sur-" 
face exposed. The skull (Pl. XII.) is broad, depressed, of an almost 
equilatéral triangular form ; the occipital border or plain rather ex- 
ceeding in extent each lateral border, which borders converge with a 
slight convex curve to the rounded obtuse muzzle. The breadth of the. 
occiput is 4 inches 9 lines, and the oxtent of each lateral bordor of the 
skull in a right line is 4 inches 6 lines. Most of the cranial bones are 
improssed by rathor coarse grooves, radiating in cach from a prominence 
which indicates the primitive centre of ogsification, tho mtorvening 
ridges being in some parts broken up by communicating grooves into 
tubercles. The orbits (0, 0) are entire, of a moderate size, ofa full 
oval form, and situated in the anterior half of tho skull. The 
middle lino of the upper surface of tho skull is slightly de- 
pressed; at the uppor and fore part ofthe skull on ouch sido thore 
is a smooth continuous groove of a sigmoid form, with a strong 
curve convex outwards anterior to the orbit, and with a Icss 
strong curve convex inwards on tho innor side of tho orbit: botweon 
tho orbit and the occiput thero is on each side a shortor groovo, ox- 
tending from the exoccipital forwards and a little outwards io the 
postfrontal, whore it bends more directly outward and downwards behind 
the orbits: these grooves probably lodged largo mucous canals. Por- 
tions of small, conical, pointed, subequal testh extend in a single series 
along the alveolar border of the uppor jaw (fig. 2,%'), from the muzzle 
along the lateral borders of the fossil, to two-thirds of an inch behind the 
orbits, At the bases of somo of these teeth may bo discorned indenta- 
tions converging from the poriphery towards the centre of the dentine. 

The entire orbits, closed below by a backward extension of the su- 
perior maxillary #1, and tho connoction of this bone by a malar 2s and 
squamosal *” with the mastoid ® and tympanic *, forming a com- 
plete zygoma, prove that ihe fossil did not belong to tho class of fishos ; 


* Reprmicd from tha Quarterly Jounal of the Geological Sosoty of London, vol, xi., 
part i,p 87—-Telnuary 1855,—I1 JC, 
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whilst the strong poinls of resomblance which tho skill presonted to 
the Labyrinthodonts—in ilg broad and very depressed figure (ospo- 
cially the great breadth of tho occiput), in its oxternal sculpluring 
(specially the number and position of tho mucous grooves), in tho 
form and position of tho orbits, and in the characters of tho teoth—lod 
mo to investigate the structure of tho doepor part of the occiput, which 
was concealed in tho matrix, for tho more decisive charactor which that 
part of the cranium affords of the batrachian affinitios of the singular 
reptiles to which the Mangali skull seemed, by its more obvious cha- 
racters, to bo most closely allied. 

I was gratified by finding that the occipital bone (which, like he rosi 
of the skull, was distinguishéd from thorod matrix by its yellow colour) 
terminated posteriorly in two well-defined subdopressod convex con- 
dyles * not so close together as in the groat Labyrinthodon salaman- 
drovdes (Mastodonsaurus of Jaeger), but separated as in the Tremato- 
saurus of Burmeister. A part of the broad atlas (2) was found in 
connection with these condylos. 

The superoccipital region is formed by a pair of bonos, 3,3, cach with 
a slightly prominent centre at the angle botweon the horizontal and 
backwardly-sloping part of the occiput: they may ropresenta divided 
superoccipital bone, but I cannot trace a sutwro separating thom from 
the exoccipitals supporting tho condyles, whero it is ropresontod by 
Burmeistor in the Trematosaurus. 

External to theso is a large bone with a woll-marked prominent 
centre, from which the grooves of the outor surfaco radiato: on tho loft 
side a part of the tympanic remains in connection with this bone, which 
I regard as the mastoid *, which bone occupies a similar position in 
the Labyrinthodonts, The parictal bones” 7 continue the cranial 
walls in advance of the superoccipitals, and show a small oval vacuity 
in their median suture—the “ foramon pariotale,” as in tho Trematosau~ 
rus ; the foramon is situated near the hinder part of the snturo; an 
accessory parictal™ extends outwards from the hinder part of the 
main body of the bone on each sido, io the anglo botwoen the super 
occipitaland mastoid. Traces of a suturo soom to show this to bo a 
dismemberment of the parietal: it occupies the placo of the bone mark. 
ed n, and called ‘os tomporale squamosum,” in the abovocitod figure 
of the Trematosawrns; but tho true squamosal is always anterior and 
external lo me mastoid in the roptiles in which it is unoquivooally pre- 
sent ; and it is rostriclod to ils zygomatic place and functions, nob 


* Die Lahyiinthodonten, 440, 1840, parti. pl. 1, 
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becoming a propor cranial bono until the mammalian type ‘is reached. 
Tho precise boundarios of the frontal’ and the sutures dividing it from 
the nasals and profrontals cannot be traced, the skull being abraded at 
this part. The postfrontals * have their contve as well marked and 
prominent as in the mastoids, and oxtend to those bones from the 
outer and back parts of tho orbits, Traces of the malar 2s and 
true squamosal *” may be discerncd ou the left side, oxtending from 
the slender maxillary boncath tho “posifrontal” to the tympanic 
8, beneath the mastoid ® The bone hore called “ postfrontal” is the 
“ os orbitale posterius” (+) of Burmeister, and tho name “ os frontale pos. 
terius” is restricted in the abovecited figure of tho Trematasawrus to a 
supplementary bone which is intorposod in that Labyrinthodont, as in the 
present, between the bone marked ", the parietal”, and frontal ° whore il 
forms the inner half of the back part of the orbit. This bono appears to 
mo to be a dismombermont of an unusually dovoloped postfrontal, and 
both it and the supornumerary bone * are remarkable departuros from 
the normal cranial structure, characteristic of somo, if not of all, of the 
Labyrinthodont batrachians. The markod doparture in the form and 
proportions of the present cranium from those of tho equally well-pro- 
sorvod specimons of Huropoan Labyrinthodonts leads me to tho con- 
clusion that tho Méngali specios indicates a distinct subgenus in that 
group of roptilos, and I proposo to dosignate tho species so represonied 
by tho term ‘Brachyops* laticeps,’ indicative of its peculiar proportions, 


Although the abraded ond otherwiso mutilated state of the skull 
of the Brachyops is such as to provont my giving a more extended 
anatomical description of it, and dotermining moro precisoly and satis- 
factorily the boundarios and homologies of the constituont bones, it 
novortholoss pormits so many charactors of the skull of the Laby- 
vinthodont Batrachia to bo dotermined ag can leavo no roasonable 
doubt of its true nature and affinitios; and thus the results chiefly 
roquirod by the ‘goologisl, in reference to the probable age of tho 
stratum in which this fossil is imbodded, may have been attained.+ 

DESCRIPTION OF PLATE XU. 


Fig. 1. Uppor view of tho skull of the Brachyops, nat, sizo. 
2. Side view of tho samo, nat, sizo. 
remo rretrnent neeamepntamennr et  n——nae sinnerman ae eesti 

* From Apayds, short ; dy, face ; in reférence to the shortness of tha facial port of 
the skull antorior to the orbit. 

+ Whon a family of animals is of considerable extent, it becomes necossary to Indicate to 
what division of it a partioular genus belongs. This is doubly requisite if a question of 
geological age doponds on the determination of the point. Such happens to be tho cage in 
regard to the Brachyops dogoribed above by our great comparative anatomist. It is well 
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On the Connection of the Umret Coal-beds with the Plant-beds 
of Négpur, and of both with those of Burdwan. By the 
Rey. 8. Histor.* 

[Read Juno 13, 1858.] 


Tn tho observations on tho Jurassic formation of tho Nagpur tor- 
vilory, which I had tho honour to submil to your Socioty, I showod 
that it consisted of four membors in tho following dosconding ordort : 4, 
thick-beddod coarse forruginous sandstone, with a fow stems of ipoes ; B, 
laminated sandstone, excecdingly rich in vogotable romains : 0, clay- 
shales, of various colours, in which aro found tho tracog of reptiles and 
worms; and p, limostonc, which within our aroa is gonorally crystal- 
lised from its contact with plutonic rocks. At tho timo of penning 
theso romarks, not having had an opportunity of inspocting any of our 
(ndian coal-moasuros, I was inclincd to regard thom as the equivalents 
of our argillacoous strata marked 0; but having recontly onjoyed this 
privilege, while out on a Mission tour with my friend tho Rov, R. 
Hunter, I proposo to communicato tho modifications which havo in 
congequouco becn wrought on proviously-formed viows. 


Gur tour oxtondod about 120 milos NNW. of tho city of Nagpur,—a 
distance which carried us past tho carbonaccous strata noar Utnrel, ag 
far as the bituminous shales at tho south baso of the Pachmadi ov Mahi. 
dowa Tiills. Thoso localitios had both boon visitod by Dr. Jordon 
and Lioulonant Sankey in 1852, and the results of thoir investigations 
have beon laid boforo your Socicty.t 








known that Labyrinthodontide: hava boon found in moro than one formation, Tho British 
vomains of this family, which wera formerly aupposod to bo Tringsis and thorafore 
Mesozaie, ara now, in consequence of mora acowrata obsorvation of the strata, assignad to 
tho Permian formation oy Palsozoie epoch, Bus thoro aro abil, in tho Kenpor of Gormany, 
geonorn whose claim to be rogarded as Mosozofo hos nol yot boon dispniod. Among theso 
thore ig ono, named by Von Meyor Metopies, which ho includos in hia suh-fomily of 
Prosthophthalmd, from its having the orbit of tho oye situntod nonror tho mmzzlo then the 
nook, Now the Biachyops is remorkable for thin peculiarity, and therefore ought to be 
classed undor tho Prosthophthalm of the Koupor, and not with tho Pormian Labyrintho 
donts, whose ayes avo placed oithor in the middle of the semicrantun or bohind it. Theso 
obsetyations, which in substance T communicatod to tho London Geolagion Social y, tlong 
with the specimen which suggostod them, have nob beon reforrod to by Trofossor Owon, 
ut J call abtontion to thom boro, ay T shall havo aconsion to malo nao of thom tn o aithan 
quont noto, when I como to sum up tho arguments which in my opinion tond to prove the 
Jurassic ago of the MAngali and nasocintod rooks.—Nole by the Rev. 8. Tislop, August 1856. 

* Ropriniod from tha Quartorly Journal of tho Coologionl Sooioty of London, vol. xt, 
part i, p, 635, November 1865.—1, 7. 0. + Vide this vol. p. 278.— (1, J. 

7 tf Quart, Journ, Gaol. Soe, vol.x., p 55 
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The coal-ficld of Uimret is about fivo miles north of the village, near 
asmall hamlet dignified with tho namo of Bari, or Groat, Barkoi, to 
distinguish il from Chhoti, or Little, Barkoi, which lios throo-quartors 
of a milo to tho south. Leaving Umrot the travoller passos over 
granite for about a milo, when he bogins to ascend trap-hills, which 
continue, with only a slight roappoaranco of plutonic rock im the low 
grouml near 'Tawari, until within throe-quarters of a milo of Chhoti 
Barkoi, where thoy ond in an abrupt descent, at the foot of which thoro 
emerge beds of sandstono, that consiiinte tho surfaco rock to the rivulet 
a, Bari Barkoi. This stream has cut a passage through the sandstono, 
and laid bare the dark-coloured strata underncath, which are gcon to 
dip at an anglo of 5° to the WSW., tho direction in which tho water 
flows. Tho oxposure displays the following succossion ; overlying sand- 
stono, about 50 fect thick; coal, 14 or 2 foot; argillacoous shale, 3 feet; 
bituminous shalo, 1 foot; arenaccous and micacoous shalo, 3 feot; and 
whito sandstone, depth unknown. 

On observing tho strata and the order in which thoy occurred, I 
remarked to Mr. Hunter that the shalo would probably turn ont to be 
the reprosentativo of tho fissilo sandstono, abounding in fossils, that is so 
woll doveloped ab Kimpti, Silowida, Bhokéra, Bharatwidh, &e. In 
hazarding this conjocturo I took it for granted that tho overlying rock 
was tho common sandsiono of this country, which is for the most part 
iravorsod. by iron bands. Search having boen mado, tho iron bands 
though not of tho typical charactor, wero discovered. So far ‘the 
hypothosis was confirmod. 

Additional light was thrown on it by oxamining tho circumstances 
under which tho argillaceous and bituminous shales are met with atthe 
Mahfdewas. Tho gandstono forming the mass of that mountain range 
must bo about 2,000 foot thick, and presents a lino of bold mural crags 
extending E. and W. for upwards of twenty-fivo milos. The front of 
the procipico is towards tho south, whilo the strata dip ab an anglo of 
5° to tho north, or, moro correctly, NNE. Howevor much the thickness 
of thosc aronaccous bods oxcecds that of tho forrngions sandstone in 
tho immediate neighbourhood of Nagpur, thoro can be no doubt that 
both rocks are the samo, as both possess tho samo iron bands, which 1 
consider positive evidence of idontity, when they do occur, though their 
absence may not bo conclusive as to dissimilarity. Undor the sand~ 
stono thore are about cight feot of groon shales, becoming moro micaccous 
and laminated below, and succooded for about throo foet by bituminous 
shale, which disappears under the surfaco of tho ground. Unlike 
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Barkoi, thore ig no scam of cual 10 bo soon, bub the londoney to ib in thy 
bituminous shale is manifosh enough; and, indood, this latter bed, os 
I ghall endoavour to show when I como to spoak of tho organic romuins, 
is palaontologically apart of our Indian carboniforous strata. 

Hero, then, at Barkoi and tho Mahédowas, os woll os noar Nigypw, wo 
have tho game thick-beddod ivon-bandod sandstono ovorlying i iho last. 
mentionod locality more fissile strata of a somowhal similar metorial, 
but at the formor two placos superposod on argillaccous and carbo- 
naceous or bituminous shalos. Aro thon the Zower bods also of tho same 
age in all three localitios? Oftho contomporanoity of tho inforior strata 
at Barkoi and tho Mahédewas thore cannot be two opinions ; bul a. 
those in our immediate neighbourhood diffor in colour, aud to 
considerable extent in composition, somo hositation may bo folt in inclu. 
ding thom in the idontification. Tt may bo supposed that thera is a 
doficiency in the one district which is supplicd in tho othor. 

Now it may help to romovo doubt to montion that even in this vicin. 
ity (Nagpur), whero tho lowor strata aro gonorally of a whitish lno, 
they present in their highor portion » coriain quantity of clay, which 
becomes less and less as we doscond, until at last, as in tho widorlying 
beds at Barkoi, wo arrivo at puro sand. Aud, to comploto tho analogy 
in regard 10 composition, it may bo addod that in a particular spot nb 
Bhokaré, six milos N. of Nagpur, the highor lamiumw now roforrod lo 
oxhibit not only the argillaccous mixture, but an approximation to the 
carbonaccous colour, boing quite brown through tho amouul of cummi- 
nuted vegetable matter which thoy contain, 

But for direct proof of idontity in ago an appeal must bo mado to 
the fossil contents of the strata undor comparison, At Barkoi we found 
the following genora: Glossoptorisand Cyclopteris with Phyllotheea, 
Vertebraria, and other stems, and a variety of fruils or seeds, Al tho 
Mahadowas, during the very hurried visit which wo mado to that 
locality, we discovored Glossopturis, Phyllothcea, Vertebrarvia, and fruils 
or sceds; bosides which, L beliove, our friond Mr, Sankoy had pro- 
viously brought to light spocimons of Pecopteris, Sphenopteris, and 
Trisy gi. 

Tn regard to tho Barkoi plants, I think there is scarculy ono that can. 
not be specifically matched with somo ono from the laminated aryilla. 
ceous sandstone in tho vicinity of Négpur, Of the genus ( Nossapter’s 
the bituminous shalo furnished sovoral spocics ; bul among thom thero 
is not one that strikes mo as nol having been observed bofove in vur 
arcnaceous strata, The Cycloplerts of Barkoi oxactly agroos with (ut, 


52 


of Bharatw&da, bothbeing oblong-cuncato, andcharactorised by the same 
venation. The most abundant Phyllotheca at Barkoi is one with ten 
sulci, which is also tho one most frequontly discoyorod near Nagpur. 
Of Veriebraria thore does not appear to be more than a single species, 
though Royle* has found a V. radiata from a transverso section of the 
stem of his V. Indica, and M‘Coy+ hag added another spocics, V. Aus- 
tralis, from Now South Walcs, because therois a slight differonce in 
tho radiations of his transverse section from those of Roylo’s. 


Taking tho Verlebraria found at Barkoi as belonging to tho only spe- 
cies hithorto discovored either in India or Australia, it is satisfactory to 
ascertain that it is jus as abundant in all tho localities of our sand- 
stono ag in tho coal-formation of Barkoi. Besidos the Verlebraria theve 
is anothor stom common at Barkoi which has its oxact counterpart nearcr 
Négpur. It is undoscribed, but may bo distinguished by its nearly oppo- 
sito leaf-scars, and occurs plontifully in the laminatod sandstone of 
Silowadé. Tho fruits or sceds from Barkoi [ have not at proscut the 
means of comparing with those of Kampti. One of them, however, may 
be casily recognised as identical with a fruit or socd latcly mot with ‘at 
Bharatwida, 


Between tho vegetablo romains of tho Mahddewas and those of our 
laminatod sandstono a liko comparison might bo institutod. If, for 
examplo, Mr. Sankey’s Pecopteris from that locality agreed, as my 
momory suggests, with ono figured by M‘Clolland,} then it must havo 
corresponded with one that occurs at Kimpti. Tho Verlebraria, both 





* JMustrations of the Botany &o. of the Himalayan Mountains. Whon1 formorly referrod 
(Journ, No. 43, p. 371, & , and MS. account of tho fossil plants) ta thia yomarkablo gonus of 
plants, I had nol in my possession a specimen from tho Indian coal-shalos, Tho vecont ox. 
aminaiion of many such has sorved {o moreaso in my mind tho conviction that its charactor 
hag been misunderstaad, Tis amallor branches aro somewhat slender ond apparantly wingod. 
Sometimes they a0 found lymg along tho plano of tho laminw,—at othor times runnmg 
across il, Whon a branch is discovered in tho formor situation, ib ig found to be split in 
lwo halvos, with tho wings that ho in conformity with the lamination strotobod ab them full 
breadth, whilo thoso that lio al an angle with it ave, as it woro, fore-shortoned. In thig 
caso thore 2s no trace of radiation, But whon a branch is found running across the laminas 
as often happens, all the wings have equal room to 1¢Loin thoi: form, and henco tho radiatod 
appearance. Tho number of tho radii or wings differs in specimens which I have oxamined 
from the same locality, and, as I believe, in portions of the same plant. A similar want of 
uniformity in this respect is porcoplible in tho specimens figurod by Royle. ‘That thore 18 
any such thing as cuchoiomous-veined folinge belwoon tho radii does not appoar from tho 
shalo specimens that havo fallen under my notico. On the conirary, thoy seam to bo wholly 
destitute of leaves, Bub thoro is ovory ronson to think that our sandstone spocimons possoss 
these appendagos, and that they are of a narrow Linear shape, like thoxe of the PAyllotheca, 

+ Ann. and Mag, Nat. Hist, vol. xx., p. 147, 
{ Report of Geological Survoy for 1848.49, 
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at the Méhadowas and nom Nigpwr, might bo proved to bo identi, 
and. a gencral resomblance pointod oul in regard to (lossuptcris, Phyl- 
lotheca, and tho fruits or soods, But after tho slalamonts of tho pro 
vious paragraph it is scarcoly nocossary to onlarge. 

From the above numerous coincidoncos:it may bo inforrod that our 
laminated sandstone is the equivalont of tho carbonaccous and bitu- 
minous shalos in tho north of this torvitory. 1b follows, as a wialtor of 
course, that the position of the coal-measures is among the beds immo- 
diately undorneath the ferruginous sandstono (A). 

Tf we look boyond this provinco we shall find this viow amply con 
firmed. The account givon by Dr. Walkor* of tho discovory of [rag 
monts of coal at Kota, inthe Nizam’s dominions, would lead to tho 
belicf that the carbonacoous and bitmuinous shales which ho noticod 
were abovo the highost bed of argillacoous limostonce. Bul whether 
this may havo been the caso or not is of little consoquonce, us all 1 
contend for is that thoy aro noar tho baso of tho iron-banded sandstone 
—a position which must at onco bo assignod thom when wo talko into 
account their relation to the surrounding hills ab Kotd-+ Tho succons 
sion at Duntimnapilly,t according to tho samo writor, sooms to have 
been,—anthracito, carbonaceous sandstono, and micaccous saudstono. 
What the rock, 15 foot thick, abovo tho anthyacito was, ho doos nob 
montion. But it is worthy of romark thab tho carbonacoous wud mign« 
coous sandstone, into which tho anthracito puysos dowmwards, boar tu 
groat resemblanco 10 tho strate underlying tho coal-soum ob Barkoi, vad. 
appear to coincide with the cight foot of laminated sandstono montionod 
by the late Dr, T. L. Boll in his dotailed. description of the vocks bored. 
through at Koté. Ib is to this lanontod officor that wo owe tho best 
matorials for comparing tho coal-moasures on tho bayks of tho Pranhitst 
with those in the north of Nkgpur. The section with which ho as 
furnishod us is—sandstone (iron-bandod), from 50 to 500 foot; angilli. 
coous limostono, 9 foot; bituminous shalo, throo-quartors of an inch; 
then argillaccous limestono, bituminous shalo, and limostono again, 
which passos into tho laminatod sandstone alluded 40 wbovo. Without 
quoting further from this list of strata, which has alroady boon publivhed 
in tho Journal§ of the Socioty, I may mention that tho Iifuninons 


shale at Koti, though to considerable oxtont intorstrabitlod with 
ace ernnntermneeatint tanto tenn wertetttrnesrnteteithase tener ne 
*® Bon, Aviat. Soe, Journ, vol, x, p ole, 
f Quart, Jon, Geol. Soa, vol. x, p. 87-1, aml nolo. 
T Bong, Asiat, Sov, Journ, vol. x,y. B hb 
§ Quart. Journ, Qool, Hoc. vol viii, p. 2813 vol. ix,, Pp. OGL; und vole, p. Be. 
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argullacaous limestone, &c., is found only in the wppor half, while aryillu. 
ccous shales and limostono preponderato in the lower half. Time- 
stono, according to the most recent information received from Dr. Beil, 
was tho lowcst rock reached after passing through 27 fect of rod 
clay-shalo, 

Again, at Palamow, the first beds thet Mr. Homfray* came upon 
under a mass of sandstone 150 to 200 feet thick wero shale and coal, 
rosling upon 30 foot of sandstone, in which we may again traco a simi. 
larity to the coal-ficld at Barkoi, Such also is the order of the strata al 
Singra, as given by Mr. Homfray. Mr. Cartor, in kis admirable “ Sum- 
mary of the Geology of India,”+ shows that Jacquemont found small 
layors of anthracite ‘vetween tho strata of compact limestone which im- 
mediately undorlie the Pann sandstone. According to Franklin,t in 
all the glens connected with the Panna range, particularly in that of tho 
Bagin river, black bituminous shalo crops out from beneath the sand. 
stone. Mr. Osborno’s observations§ prove that under tho sandstone of 
Umla Ghat there is shalo with exudations of petroleum, which is suc- 
ceeded below by alternate beds of sandstone and shale, limestone lying 
under all. 

Thus we see that south and north-oast of this territory, as well as 
within its limits, the carbonaceous and bituminous shalos may bé 
said immediately to underlio tho ferruginous sandstone, It is difficult 
to comprehond the Burdwan coal-ficld in our comparison, for it soems 
to lioin a basin, and tho carboniforous strata riso to tho surfaco without 
any suporiucumbont sandstono. But the connection, which cannot be 
established lithologically, may be rondered very manifest by the evi- 
dence of fossils. Species of Trizygia, Veriebraria, Glossopteris, and. 
Pecopteris are common to the shales of Bardwain and those of the 
Mahddewas. And, although Dr. M‘Clolland has professedly figured no 
Phyllotheca, or Calamite ashe would name it, from Bengal, yet thoro can 
be little doubt that what ho calls Poacites minor|| is identical, wanting 
the joint, with ono of our Phyllothecas found both at the Mahdédowas and 
Kampti, aud specifically distinguished by tho possession of eight sulci. 

Tam not certain, though Iam disposed to think, that the Poaciles 
muricata] of the samo author is the unfurrowed stem, with nearly 





* Bong. Asiat. Soc. Journ., vol. x., p. 374. 

+ Bomb. Br. Royal Asiat. Soc. Journ , No. 19, p, 204, 

t Asiat. Ros,, vol. xvii, part. i, p 103. 

§ Bong. Asiat. Soc. Jomn., vol, vil, p. 848. 

|| Geol, Survey, tab. xvii., ig. 4, with the doxeriplion at p. 55, 
J Gopl. Survey, tab, xiv, fig. 6 
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opposite loal-scara, described abovo, p. 295, a4 conmmon in tho shale of 
Barkoi, and the laminated sandslono of Silowidi. ‘Tho broadth and 
rigid appearance of our specimen are oxactly tho samo us in M‘Clol- 
land’s figure, and thero is occasionally on thom « fino longibudinal 
stmation, which might be takon for tho venation of an ondogonous leat. 

Subjoined is the suecossion, from above, of our Indion froshwatort 
oblitic formation, according to tho view takon in this paper. 


I. Upper Sandstone Serive ; called by Mr. Carter the © Panna 
[Punna] Sandstone,” 


In goncral, coarso and thick-bodded, sometimes friablo, and while, 
variegated with rod blotches ; at othor timos hard and af rusty colony, 
traversed by iron bands. Contains a fow stoms of treos about tho baao. 
Thicknoss at Nagpur 25 fect; at tho Mahddowa hills upwards of 2,000 
feet. 

TI, Laminated Series ; the same as Ar. Carles © Ratha Shales? 

1. Hither arcnacoous, carbonaccous, or biituninous, Tho arena. 
ceous strata moro or loss mixod with clay and mica; laminated and 
abounding in fossils above, and gradually becoming coarsor, thickor- 
bedded, and moro destitute of organic romains bolow. ‘I‘ho earbonn- 
eéous or bituminous shalos aro tho oquivalonts of tho laminatod fossili. 
ferous sandstone just mentionod. Though occasionally allernatinp 
with® argillaccous limestono, thoy for tho most part pass into mica. 
coous or coarso sandstone. Thicknoss from 800 feob in tho Nagpur 
territory to 2,000 foet in Bongal. 

2. Argillacoous shalos, groon, red, blue, and moro raroly while, in 
some localitios altormating with argillacoous limestone, Contains tho 
traces of reptiles and worms. Thicknogs abont Nagpur 80 fect, though 
much greater in tho Bandérd district, to tho onst, 

8. Limestono, sometimes compact, but ofton crystalline, sud dolo- 
mitic, Near Nagpur 100 foot, at Mudalaity 810 foot thick. 

From tho above arrangomont of tho laminatod sorios it will bo Keon 
there is a difficulty in disposing of tho Hmostono. Boils of it in some 
districts of India aliernato with our No, 2, and evon with No, 1. At 
Mudalaity, whoro tho lattor appoars Lo be wanting, tho wholo maus of it 
is said to ovorlio tho argillacoous shalos. I havo followodl tho order aa 
it is within this territory, whero tho limostono is most froquently erysinl 
line, while tho red shalo, lying above it, has sulforadl no chanpo fron 
heat. This I om disposod to considlor tho typical order of succession 
among our “ Freshwator Odlites”? Ad Koli, though the culearcous and 
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bitmminous beds are interstratified to a cortain extent, yot the greater 
part of iho latter aro found above, and of the formor below. Nowbold, 
who gives us the superposition at Mudalaity, ombodies his views of tho 
order of stratification throughout Southern India m these words :—* Tho 
limestono occupics, with few oxccptions, the lowest posilion in tho 
soctions afforded by the groat lines of drainage of theso tracts, and in 
placcs where the supcrincumbont strata havo been stripped off. Next 
in order of superposition como calcareous shales, mingled with much 
argillaceous matter, then argillaceous shales and slatos, sandstono, 
siliceous and aronaceous schists, quartzose rock, and sandstone conglom- 
orate.”* In some parts of Bundlekhand tho limestono occupies a 
high position : but, as we havo had occasion to notice before, at Bagin 
the bituminous shalo lios above the greater parf of it. In the coal- 
fields of Bengal calcarcous strata appear to bo wholly wanting. 


To completo tho catalogue of our Indiant Jurassic Formation, T 
might hero add— ‘ ; 
TIT. Lower Sandstone Series. 

This is developod at Mudalaity and in Bundlekhand, and has received 
from Mr, Cartor tho namo of tho “ Tara sandstone; but as it does 
not occur within our arca, oxcept perhaps in tho form of gneiss, mica 
schist, and othor metamorphic rocks, underlying our crystallised limo- 
stone, I forbear to ontor on tho consideration of it at prosont, 





* Roy. Asin. Soc. Jour, vol. vill, p. 160, 

+In the beginning of 1863, whon I tvs publishod my sontimonts on tho sandstone and nso. 
ciated strata of Négpwr, Twas under tho improsaion that thoy wero all rolatod conformably 
to each othor ; and honco, though T mado a distinction bolween the thick. boddod sandstone 
above and the plant-beaving argillaceous snndstone beneath, and again botwween tho lal tor 
and the underlying shales, and though I showod that plntonic agoncy had boon at work in 
tho intervals bolween some of those, yol ib did nol ocour 410 mo to doubt thal both the 
highost and tho lowest wove of the samo genoral ago as tho intormediato strata. I have 
since learned, from My. A. Schlagintweit, that tho sandstouo and infarior shalos of Southern 
India, aro unconformable ; and more recontly T havo beon informed by Profossor Oldham 
that there is a considerable difforence in inclination among therocks of tho Kattfle coal-fleld, 
and especially botwoon those corresponding to our upper sandslono snd our argillnceona and 
carbonaceous beds. As this information could scarcoly have been elicitad fron the apponr- 
ances presented by the rocks of Contral Indin, itis with gratiinde thai t hail tho light 
arising from other quarters. But it now bocomes a duty to inquire how far this discovery 
modifies the arrangoment proposed for our strata three yoars ago, To me ib appears ils 
effect is not great. ; 

It is to be borne in mind that the périod whon the rocks under consideration woro de. 
posited was just the period when plutonic action waa most frequont. If granite disturbed 
our plant-beds before the deposition on thom of the upper sandstone, wo know that it also 
intruded on tho latter strata, showing that they wero in exislence bofovo plutonic aganey had. 
spent its force, and that probably the intorval which elapsed botwoon the two oraptions wag 
not go groat as to admil of a chango of formation, 
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But there is evidence perlaps moro dirool. Our uppor sandatone iy unqnoationnbly 
the game ag that which is found on tho banks of the Pranhtté and todiivari, Now it was in 
the conglomerate or highest part of this sandstone that tho Into Dr. I. la Boll dineovernd 
hig reptilian romaing, which Profossor Owon boliovod to agrao host with the wt macs ures ut 
the Toleosaurus aud Amphicoolian Orocodiles,—animals which gonaruly vreur hn the 


Jurassic formation. 

With rogard to tho age of tho nndorlying fossiliforous vooks, Ladhore to the view 
which I have always onlortained, sinco I discovorod in thom tho Meat of our large tasur- 
mont of ancient organisms, Truc, tho majority of thogo are vogolable rumaina; Qut Lone 
not why thoir evidence on that account is Lo bo slightod, provided tho spocimons ave out ire 
and pregont the parts on which a correct classification may be fowndod., Avo not plants 
charactoristio of climate in their distribution over tho onrth’s surface, as woll ag animals ? 
And ove not the former charaoteristio of ovas in their vango through tho earth's evusl, 0s 
well ag the latter ? T admit that tho ancient Flora has lost many charaglovs which aid in 
the classification of existing species; but so has tho anciont Bawa | acknowledge, jn 
roference to Ferns, whose ossontial parts are porlinps bost capable of prosorvation, (hut 
some genera havo oxisted through many goologicnl changos; but the rama objeation muy 
be brought with preator force ageinst some kinds of marino sholla. In thexo and ollur 
vespocts I can perceive little or no difforenco in valuo bolwoan the ovidance of vegotalile 
and animal remains if only equal caution ia usodin both caso in thoty alassifiention, Now 
those of our plants whose congonors havo beon dosorilad befora, hough not oxumined in 
the most favourable cireumstances Sor accuracy, will bo found, T believe, upou thowhols, ts 
be correctly namod. The doubt docs not ovour hore, bub at» more advanced stage of tle 
inquiry. It is not that our specimens assigned to tho gonora (lossuptoris and Penile re, 
Vertebraria and Phyllotheca, may turn ont not to bolong to thoao genera; hut, nenildines 
thab-there hag been no mistake in tho idontifleation, ib is still hold Lo bo proldematicn] 
what conclusion is to be drawn from tho oceurronoo of suck kinds of planta in the rorks 
of Oentral India. To these quostions T havo, in tho preveding papord, altonptad a 
replys I may be permiitod to add a tow romarka on tho ovidonce Jyont our anolent Maron, 


To rondor this testimony availablo, it is nocossary Lo point out the relation Tintveon fie 
argillaccous sandstone of Kdémpli with lta carbonaccons equivalent at Lho Mabddtoway, which 
havo afforded cluofly planta, and tho fissile strate of Méngali with tho hituminoun shalen of 
Kot#, which hayo furnished principally animal organisms, Now tho succession f upper 
thick-bedded and under thin-beddod strata is tho game ab all these paves, nud fivoure the 
prasumption that the rocks at all are identical, Thon, the oxistonce af Littiminans bebe 
at Koté, the site of iohthyolites, as well og at tho Mah@dowas and othor Inenlities for ow 
vegetable romnaing, incroasos tho evidenco for tho identity of (ho strativab Coxe placid rand 
also at Méngali, where, though thero is no iwaco of coal, tho charactor of tho Ush-senlon wip 
gests the connection with Kolé. That the forns, which avo so common in the argillaeeas 
randstone of Silowédé, havo not yot boon found at Ménynli ig no grent dilloulty when ib is 
borne in mind how limited havo boon the invostigations in tho latlor strata, and when it ix 
remembored that, while most of tho quarrics oven in tho former abound in forny, one ia 
entiroly deatilute of thom, though it is romarkablo for the varioty of ita (oneil alenos Ant 
although tho Mingali fossil bods cannot, as rogards fossils, bo direutly campured with the 
fern-boaring ones in tho vicinity of Nagpur, yot, og has boon suggostod at p. 877%, they mily 
Hegnediately compared through tho oarboniforous formation of Virginin, which contains in 
itself, in, tho closost combination, the fossils of both those lnculiliex, proving Chat it Ameren 
at ledsb they oxisted togothor. Tt ia to bo wixhod Unt tho nature aff (he teases eld 
vogetation which hag lofl its improssions on tho Lepidotue wlabs of Koid wore mae 
particularly defined, for thon wo might discovor in jl somo common berm fay eatin ine 
the contempovancousnoss of tho rouks with thosa in this province, Aa ib ia, huwover, | 
think an objeot for comparison may ba conjoolured. A. fow fuot under tha iehthyolite 
atrate : Koté thovo lios Jaminalod sandytono, from which De, Boll procured leave whieh 
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ho was disposed to cousidor dicotyledonous, Now, as hithorlo no truco Ieavos of oxogonous 
plants havo beon described from strata, so low as tho Lias ov Oblito, is may bo allowed 
ine 10 suggest that the vegetable impressions in question, presonting, as thoy must hava 
dono, a well-defined and ontive outline, and at tho samo timo a distinct retiewlate venation, 
wore probably not leaves, but the anostomosing and simple fonds of soma spocics of 
(@lossopterts. Taking the whole of those circumstances into account, I conceive my~ 
xolf warranted in concluding that tho strata immethately underlying the thick-bedded, 
sandstone in the three places rofarred to have all beon deposited at the same period. 

And now wo aro in a position to make use of tho evidonce from animal romaings. In the 
Kota fissile stiata all tho ichthyoliles which have boon formd havo homocoroal tails, and 
on tho authority of Sir P. Egerton belong to Liassic or Obdlilic gonova. Agnin, in tho 
Mangali argillaceous sandstono not only do our stherie rosomble thogo of the Virginian 
Ovlite, and our scattorod. fish-scales oxuvios such as occur in Juagsi¢c strain, bub even tho 
Brachyops, which at first sight is apt to pnzzle, is, as I havo endoavoured to show, a 
Mesozoie form of Labyyimthodont, As it isin the Kenper of Wurtemberg that wo moot 
with tho most noarly allied genus, it is surcly easier to refor our MAngali reptiloto the Lins, 
which in Inope unmodiatoly oyorlios tho Koupor, than 10 carry ut into the more distant 
Permian over tho line acparaling Mesozoic from Palwozoic organisms, The red shale ab 
Korhadi, by is position under tho plant-bodg, when compared with tho clayoy strate 
found in similar obroumstances at Koti, affords additional proof, if any were wanting, of tho 
identity of the suporioy fissile beds at both places. But by its animal remains it algo 
strengthens the evidence which I have given above of the Jurassic age of tho whole series. 
Tracks of Annclids seom to ha rare in anciont formations. Many of the so-called spaci- 
mong aro now reckoned Cololites of fishog- The marks of woll-ascertained genora, of tha 
shape and habits of the carLhworm, apparently ocour first in tho Lower Jura rocks, and 
ag the traces on tho Korhfdi shale most nearly regomble thoso of that familiar Annolid, 
we may legitimately infer that tho formation in which they ave mot with is Jurassic, ° 


Combining tho difforont parts of this evidence from animal romaine, we porcorvo that 
tho Lins or Oolite is the age for our lnmiunted sondstonos and bituminous or carbonaceous 
shales, which is pointed out by all with tho excoption of Brachyops, which, howovor, is 
ultogether in Cayour of ns Mogozote epoch. No countenance whatever oan I find in our 
anciont Fauna to the view that any of tha strata in question ara conlomporancous with the 
Pormion or carbaniferoug system, 

Hero wo might conclude hac wo nob to encounter a difflouliy from Australi. Tn that 
lancof natural pavedoxes it appears from the statements of the most compotont witnesses 
that plants which oscw in Indian rocks with animale of Megozoic forma have beou 
imbedded with animals of Paleozote affinities, Whether, then, og it has beon forcibly put 
to me hy Professor Oldham, are we to hold that cortain Paleozota organisms survived ta 
Mesozoic times in Augtralia, or that cortain Mosozoto organisms hogan thore and hero, ag 
early as Paleozolc times? Aftor the best considoration that I have hoon able to give 
this question, I have boon led to accept the former altornative. It is not, however, 
on account of tho fact that the fossils discovered in such ambiguous circumstances belong 
exclusively to the yegotable kingdom; for I believe that their evidence is not to bo disre~ 
garded, any more than that of animals. No, it is because I have ondoavoured to allow full 
effect to their testimony, and to appreciate the value of their conflicting teachings, that I 
have arrived at the conclusion that, even without taking our animal remains into account 
at all, but on the authority of our old-world plants alone, the-rooks whder discussion ought 
to be looked on ss Jurassic, 

¥or what are the plants which fvom thoir being discovored in tho Australian conl-ficld 
have come to be viewod of such doubidul age when found in our Indian sivalaP Thoy are 
(I quote from memory), Sphenoptorts; Pecopteris, Qlosaopteris, Verlebrama, and Phyllotheca. 
Of these the firat two nambor epacies in tho Oblito of Buropo most nearly vosombling those 
inthe beds of Australia, And the lost, though hithorlo not rocognisod as Phyllothoon 
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occura, Thave hi'lo dwt, in tho Javassio coal of Virginia as voll as in the oarbonacnona 
sirata of Now South Wrlos, ‘Those trea gonoia, then, aro to ho disposed of hy atnply 
letting th ww tosbimony in tho Wost neutralise thoit evidoneo ab the Ant ipodon, Only twa 
gonora, if T am nol mistulen, now romnin, via, Flossopleris and Tortebreria, whieh live tot 
eon discovered in Kuropo or America, bub avo peculiar to Talia and Austewtin, Thora, ax 
met with in tli, country, in tho absenco of proof io Lhe soutrary, wo Rhall, on Lhe ground uf 
their association m New South Walos,in tho mean timo presume to be in favour af the 
Palwozore age of thoir imbedding strate. But, to sot over aguinst thom, wo hayo  prt- 
ponderance of achuowledyo, and chavactoristic Jurassic gonora, found not in a basin whose 
relationa have yot to bo axcortained, hke that of Noweastlo and Mawkesbury, in tho sonthorm 
homisphero, but in tho Odlite of England, having the Palmuzoio rocks boncath, and forming 
part of tho most complete geological sovies in the world. Thoro is first tho Twntoplerts of 
Kémpti, Réjmabdl, and the Dainda, in which wosco tho connection with tho slate of Stone. 
field, aa wo do again in tho sead-vessels of this provinea; thon jjioro is tho dise-hoaring 
asterophyllites, or whatever it may bo callod, of Silowédd, which is scarcely distinguishable, 
from that at Scarborough ; and lastly thore aro the Cycadacew of tho two Bongal silos, 
which suggost tho relation with tho two Hnglish localitios, Whon all this amount af 
evidence is compared with that of tho iwo gonora specified above, T think il will be ad. 
mitted that oven confining our view to yogetnble romains, tho probability is greatly on 
the side of a Jurassic ago. 

But whon to this we add tho tostimony of tho animal romains, which, ag I havo shown 
before, is all in favour of a Mesozole opoch, it appoars to me that lilo doubt will remain af 
the correciness of the viow which in 1853 1 advocated regarding tho age of our urgila 
laceous sandstone and its equivalont tho Indian caal, 

” Imay énly add that,if we avo bound to sunt up for tho Jurassic ago of thoso slrata, th ix 
easy to perceive how even one of tho two gonorn of plants that wore prosunod to boar ovie 
dence on tho othor sido, though, I beliove, unknown in Lho Mogozolo formation of the Wot, 
does nevertheless whon ranged with all tho other sinplo fyondod forna which wo disouyer 
iu our Indian rocks, and which out of India numorionlly culminate in tho Odlite, admirably 
harmonise with this conclusion. And doducling Clossopteris, with ita many spocios, from 
the Paleozoic side of the question, and addiug it to the othor, thera wil ho loft tho single 
Vertabraria, with its solitary species, of which wo oan givo uo oxplanaiiou on Uo hypothosis 
that the rocks which we have been considoring belong to tho Ling or lowor O8litos-—§, JL, 
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